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BtiiliLng  ezempliheationM  of  the  pmctiLal  beatings  of  abotiact  mathematicg. 
But  Btraiigeiy  enough,  Surveying  haa  never  yet  been  rodueed  to  a  system- 
atio  lad  syramotm,  whole.  To  effect  this,  by  basing  the  art  on  a  few 
simple  principles  and  tracing  them  out  into  their  complicatod  ramifications 
and  Varied  appheationa  (^which  extend  from  the  measurement  of  "  a  mow- 
ing lot '  to  that  of  tho  Heavens) ,  has  been  the  earnest  endeavor  of  the- 
present  writer. 

Tlie  work,  in  its  inception,  grew  out  of  the  author's  own  needs.  Teach- 
ing Surveying,  aspilmyt  fClE  1 
found  none  of  the  book  (th  h  y  11  t  7  I«  t  ) 
suited  to  his  purpose.  H  w  th  f  p  11  I  t  t  h  th  tj 
by  a  combination  of  f  1  I  tu  at.  pnn  pi  nd  s  npl  fica 
tions  of  its  practice.  H  n  tfi  t  u  Uy  w  1!  b  ik  g  lu  Uy 
became  systematized  in  nearly  tbeir  present  form,  and  in  1851  he  printed 
a  synopsis  of  them  for  the  use  of  his  classes.  His  system  has  thus 
been  fully  t^ted,  and  the  present  volume  is  the  result. 
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A  double  object  has  been  kept  in  view  in  its  preparation;  viz.  to 
produce  a  very  plain  introduotion  to  the  subject,  easy  to  be  mastered  bj 
the  young  scholar  or  the  practical  man  of  little  previous  aeciuiremeut 
the  only  pre-roquisites  being  arithmetie  and  a  little  geometry ;  and  at  the 
same  time  to  make  the  iastruction  of  such  a  character  as  to  lay  a  founda- 
tiftu  broad  enough  and  deep  enough  for  the  most  complete  superstructui'a 
which  tlw  professional  student  may  subseijueatly  wish  to  raise  upon  it 

For  the  ooflvenience  of  tnose  wishing  to  make  a  hasty  examination  of 
the  book,  a  summary  of  some  of  Its  leading  points  and  most  peculiar 
featui-es  will  here  be  given. 

I.  All  the  operations  of  Surveying  are  deduced  front  only  five  simple 
principles.  These  principles  are  enunciated  and  illustrated  in  Chapter  X, 
of  Part  I.  They  will  be  at  once  recogsized  by  the  Geometer  as  familiar 
systems  of  "  Co-ordinates;"  but  they  were  not  here  arbitrarily  assumed  ia 
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f  lly  k  1 1  1  t     1 1   m  th        t 
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Preface.  i 

m.  A  complete  system  of  Snireying  with  only  a  ehain,  a  rops,  oi 
any  substitute,  ■(iavaluable  to  fanners  having  no  other  instrumenta,)  t 
very  fully  developed  ia  Part  II 

V    T  P  uii 


C 


the  pnnoipal  problems  in  the  Divi&ion  of  Land. 

X.  The  Methods  of  Surveying  the  Public  Lands  of  the  United  States, 
of  marking  lines  and  corners,  &o.,  are  given  in  Part  XII,  from  official 
dooumonts,  with  great  minuteness;  since  the  subject  interests  so  nianj 
lanii-ownera  residing  in  the  Eastern  as  well  as  in  the  Western  States. 
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XII  Til    g         numli        fn  dll  m         fhm 

na!       a  p    ulur  f    tur     f  tlii&      Im  gtlbyth       p      n       f 

th   auth      thtndagm     wrthap        fi     tn  1     n 

and  d  fin  t  n      t   th     th    w  e    a  noept  ns   f  a   tud    t 

XIII  Thptlll        dhfetothy  S        yh 
been  a  ade  es    ed    glj  full  bj  a  tl        gh  es  m  aat   n    t  m       tl   n  fit  y 
■w    L      n  til     utj    t  by  E  gl  h   F    a  h  and  G    m  n  w  t 

mkt      tathtath      wbbuldbu&flhdb  Ikl 

It  would  be  impossible  to  credit  each  item  (though  this  has  been  most 
scrupulously  done  in  the  few  cases  in  which  an  American  writer  hiB  been 
referred  to) ,  but  the  principal  names  are  these :  Adams,  Ainslio,  Baker, 
Begat,  Belcher,  Bourgeois,  Bourns,  Breos,  Brnff,  Burr,  Castle,  Fran- 
coeur,  Prome,  Galbraithj  Gibson,  Guy,  Hogard,  Jackson,  Lamotte, 
Lefevre,  Masoheroni,  Namen,  Nesbitt,  Pearson,  Puille,  Puissant,  Keg- 
nault,  Kiohard,  Serret,  Simms,  Stevenson,  Weiebach,  Williauis. 

Should  any  important  error,  either  of  printer  or  author,  be  discovered, 
(as  is  very  ijossible  in  a  work  of  so  much  detail,  despite  the  groat  care 
uaed)  the  writer  would  bo  much  obliged  by  its  prompt  communication. 

The  prcFi'nt  volume  will  be  followed  by  another  on  Levelling  and 
Higher  Surveyisq  :  embracing  Levelling  (with  Sptfit-Level,  Theodo- 
lite, Barometer,  etc.);  its  applications  in  Topography  or  Hill-drawing, 
in  Mining  Surveys,  etc.  ;  the  Sextant,  and  other  reflecting  inatraments ; 
Maritime  SuiTeying ;  and  Geodesy,  with  its  praotieol  Asti'onomy. 
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GENERAL  DIVISION  OP  THE  SUBJECT. 

lA  full  Analytical  Tabk  of  Conlmls  is  given  at  tie  snd  of  tits  volmiie.'} 
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LAND-SURYEYING 


PART  I. 

GENERAL   PRINCIPLES 

AND 

FUNDAMENTAL    OPERATIONS, 


DEFINITIONS  AKD  METHODS. 

(1)  SuavBTiso  is  the  art  of  making  such  measurements  as  wi]] 
determiae  the  relative  positions  of  anj  points  on  the  surface  of  the 
earth ;  so  that  a  Map  of  any  portion  of  that  sm-faco  may  be  drawn, 
and  its  Content  calculated. 

(2)  The  poation  of  a  point  ia  said  to  be  detei'mined,  when  it  is 
knOTvn  how  far  that  point  is  from  one  or  moro  ^ven  pointa,  and  in 
what  direction  there-from;  or  how  far  it  ia  in  front  of  them  oi 
behind  them,  and  how  far  to  tiieir  right  or  to  their  left,  kc ;  so 
that  the  place  of  the  first  point,  if  lost,  could  be  again  found  by 
repeating  these  measuremeiite  in  the  contrary  direction. 

1h&  "  points"  which  are  to  be  determined  hi  Surveying,  are  not 
the  mathematical  points  treated  of  in  Geometry ;  hut  the  comera 
of  fences,  boundary  stones,  trees,  and  the  like,  which  ai'e  mere 
points  in  eompaiison  with  the  extensive  surfaces  and  areas  which 
they  are  the  means  of  determining.  In  strictness,  their  centres 
should  be  regarded  aa  the  points  alluded  to. 
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10  GENERAL  PRIKCilPLES,  [part  i, 

(S)  A  straight  iiJie  ia  "detenmned,"  that  is,  has  it-a  length 
and  its  poaHion  known  and  fixed,  when  the  points  at  its  exti'em- 
ities  are  determined ;  and  a  plane  Surface  has  its  fonn  and  dimen- 
sions deteraiined,  when  the  lines  which  hound  it  are  determined. 
Consequently,  the  determination  of  the  relative  positions  of  points 
ia  all  that  is  necessary  for  the  principal  objects  of  Surveying; 
which  are  to  mate  a  map  of  any  surface,  such  as  a  field,  farm, 
state,  &c.,  and  -to  calculate  its  content  in  equfire  feet,  acres,  or 
square  miles.  The  former  is  an  apphcation  of  Drafting,  the  latter 
of  Mensuration. 

(4)  Tho  position  of  a  point  may  he  determined  by  a  ymety  of 
methods.  Those  most  frequently  employed  in  Surveying,  are  &e 
following ;  all  tke  points  being  supposed  to  be  iu  the  same  plane. 

(5)  First  MctliOli.  By  measuring  the  distances  from  tlie  re- 
qaired  point  to  tivo  given  points. 

Thus,  in  Kg.  1,  the  point  S  is  "  deter-  '''  ^^ 

mined,"  if  it  ia  known  to  be  one  inch  ,^-'  \ 

from  A,  and  half  an  inch  from  B :  for,  ^,'''  \ 

its  pla«e,  if  lost,  could  be  found  by  de-      a-=^^- ^b 

scrihnig  two  arcs  of  circles,  from  A  and  B  as  centres,  and  Tiitli  the 
^ven  distances  as  radii.  The  required  point  would  be  at  the 
intersection  of  these  arcs. 

In  applying  this  principle  in  surveying,  S  may  r'epresent  any 
station,  such  as  a  comer  of  a  field,  an  angle  of  a  fence,  a  tree,  a 
house,  kc.  If  then  one  comer  of  a  field  be  100  feet  from  a 
second  comer,  and  50  feet  from  a  third,  the  place  of  the  first  cor- 
ner is  known  and  determined  with  reference  to  the  other  two. 

There  will  be  two  points  fulfilling  this  condition,  one  on  ea«h  side 
of  the  given  line,  but  it  will  always  be  known  which  of  them  is  the 


In  Q-eograpky,  tliis  piiiciple  is  employed  to  indicate  the  posi- 
tion of  a  town ;  as  when  we  say  that  Buffalo  is  distant  (in  a  straight 
line)  295  miles  from  New- York,  and  390  from  Cincinnati,  and 
thus  convey  to  a  stranger  acquainted  with  only  the  last  two  places 
a  correct  idea  of  the  position  of  the  first. 


Hosted  by 


Google 


I-] 


Definitions  and  Kkthods. 


In  AnalyUoal  Geometry^  the  Hnea  AS  and  BS  are  kiio^Ti  aa 
"Focal  Coordinates;"  the  general  name  "co-ordmatea"  heing 
applied  to  the  lines  or  angles  which  determine  the  position  of  a 
pohit. 


S9 


(fi)  Second  method.  By  measuring  the  perpendimlar  (fe'»- 
tanee  from  the  required  point  to  a  given  line,  and  the  distance 
ikenca  along  the  line  to  a  given  point. 

Thus,  in  Mg.  2,  if  the  perpendicular  dis- 
tance SC  be  half  an  inch,  and  OA  be  one 
inch,  the  poiat  S  is  "det8nmned"t  for,  its  j 

place  conld  be  again  found  by  measuring  one  ; 

inch  from  A  to  C,  and  half  an  inch  from  C,    a  ci 

at  right  angles  to  AC,  which  would  fix  the  point  S. 

The  Public  Lands  of  the  United  States  are  laid  out  by  tliis 
method,  as  will  he  explained  m  Part  XII. 

In  Geogr<sphy,  this  principle  is  employed  under  the  name  of 
Latitude  and  Longitude. 

Thus,  Philadelphia  ia  one  degi-ee  and  fifty-two  minutes  of  longi- 
tude east  of  Washington,  and  one  degree  and  three  minnt«s  of  lati- 
tude nortli  of  it. 

In  Analytical  Geometry,  the  lines  AC  and  CS  are  Irao^vn  aa 
"  IteGtangular  Co-ordinates."  The  point  ia  there  regarded  as 
determined  by  the  intersection  of  two  linea,  drawn  parallel  to  two 
fixed  Hnes,  or  "  Axes"  and  at  a  ^ven  distance  from  them.  These 
Axes,  in  the  present  figui-e,  would  be  the  fine  AC,  and  another 
line,perpendicular  to  it  and  passing  through  A,  as  the  origin. 


(7)  Tliir^  Netljod.     Sg  meannring  the  angle  between  a  given 
Ihie  and  a  line  draivn  from  any  given  point  of  it  to  the  r 
point ;  and  also  the  length  of  this  latter  line. 

Thus,  in  Fig.  S,  if  we  know  the  angle  i;^,  3, 

BAS  to  be  a  tliird  of  a  right  angle,  emd 
AS  to  be  one  inch,  the  point  S  is  determin-  ^'''' 

eii ;  for,  its  place  could  be  foimd  by  drawing  ^'' 

from  A,  a  line  maldng  the  given  angle  with  A-"^^^^ — - — 

AB,  and  measuring  on  it  the  given  distance. 
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In  applying  this  principle  in  surveying,  S,  as  before,  may  repre- 
Bent  any  station,  and  the  line  AB  may  be  a  fence,  or  any  other 
real  or  iina.^nary  line. 

In  "  Compass  Surveying,"  it  is  a  north  and  south  line,  the  direc- 
tion of  which  is  ^ven  by  the  magnetic  needle  of  the  compass. 

In  Greograpky,  this  principle  is  employed  to  determine  the  reW 
tive  poaitiona  of  places,  hy  "Bearings  and  distances";  as  when  we 
Bay  thai  San  Francisco  is  ITSO  miles  nearly  due  west  from  St.  Loius} 
the  woi-d  "  west"  indicating  the  direction,  or  lungle  which  the  line 
joming  the  two  places  makes  with  a  noi-th  and  south  line,  and 
the  number  of  miles  ^ving  the  length  of  that  line. 

In  Analytiml  G-eometry^  the  lino  AS,  and  the  angle  BAS,  are 
called  "Poilar  Co-ordinates." 

(8)  Ponrtb  Method.  By  measuring  the  angles  niade  with  a 
given  line  hy  two  other  li-nes  starting  from  given  points  wpon  it, 
and  passing  through  the  required  points 

Thus,  in  Fig.  4,  the  point  S  is  deter^  Fig.  4. 

mined  by  being  in  the  intorsection  of  the  ^ 

two  lines  AS  and  BS,  wHch  make  re-  ,^'''      \ 

spectively  angles  of  a  half  and  of  a  third      ^-■-'' 
of  a  right  angle  with  the  line  AB,  which    ^  ~3! 

ia  one  inch  long ;  for,  tlio  place  of  the  point  could  be  found,  if  lost, 
by  drawing  from  A  and  B  hnes  raaldng  with  AB  the  known  angles. 

In  G-eography,  we  n£ght  thus  fix  the  position  of  St.  Lonis,  by 
saying  it  lay  nearly  due  north  from  New-Orleans,  and  due  west 
from  Washmgton, 

In  Analytieal  G-eonietry,  these  two  angles  would  be  called 
"Angular  Co-ordinates." 

(9)  In  Eig.  5,  are  shown  together  all  ],■,„,  5, 
the  measurements  necessary  fordetemdur 
oig  the  same  point  S,  hy  each  of  the  four 
precedhig  methods.    In  the  Mrst  Me- 
thod, we  measure  the  distances  AS  and   -^ 
BS ;  in  the  Second  Method,  the  distances  AC  and  CS,  the  latter 
at  right  angles  to  the  fonncr ;  in  the  Third  Method,  the  distance 
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At^,  and  the  angle  SAB ;  and  in  the  Fourth  Method,  the  anglea 
SAB  and  SEA.  In  all  these  methods  the  point  is  reaJIy  detep 
mined  by  the  intersection  of  two  lines,  either  straight  lines  oi 
arcs  of  nireles.  Thns,  in  the  First  Methwl,  it  is  determined  by 
the  intersection  of  two  circles ;  in  the  Second,  by  the  intersection 
of  two  straight  lines  ;  in  the  Third,  b/  the  intersection  of  a  straight 
Ime  and  a  circle ;  and  in  the  Fourth,  by  the  intersection  of  two 
Htraight  lines. 

(10)  Piftli  Method,  By  meamring  the  angles  nmds  with  each 
other  hj  tJtree  linea  of  sight  passing  from  iJie  required  foint  to 
tJiree  points  whose  positions  are  hwwn. 

Ihm,  in  Kg.  6,  the  point  S  is  detei-         ^         Fig.e. 
mined  by  the  angles,  ASB    and  BSC, 
made  by  tiie  three  lines  SA,  SB  and 
SO. 

Geographically,  tlie  position  of  Chi- 
cago would  be  determined  by  three  """\~^w'^ 
straight  lines  passing  from  it  to  Wash-  ^-W- 
ington,  Cincinnati,  and  Mobile,  and  mak-  ^  ® 
ing  known  angles  with  each  other ;  that  of  the  first  and  second 
lines  being  about  one-third,  and  that  of  the  second  and  third  lines, 
about  one-half  of  a  right  angle. 

From  the  three  lines  employed,  this  may  be  named  the  Method 
of  Trilinear  co-ordinates. 


(11)  The  position  of  a  point  is  sometimes  detenmned  by  the 
intellection  of  two  lines,  which  are  themselves  detenmned  by  their 
extremities  being  given.     Thus,  in  Fig.  7,  F'S'  ''■ 

the  point  S  is  determined  by  its  being  sit-  I 
uated  in  the  intersection  of  AE  and  CD.  A^^.,_  g  .^.-•''" 
This  method  is  sometimes  employed  to  fix  L,.^'^  --.... 
the  position  of  a  Station  on  a  Eail-Eoad  *^ 
line,  &c.,  when  it  occurs  in  a  place  where  I 
aatake  eaunot  be  driven,  such  as  in  a  pond ;  and  in  a  few  other 
cases  ;  bub  la  nob  naed  frequently  enough  to  require  that  it  should 
be  called  a  sixth  principle  of  Surveying. 
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(12)  These  five  methocla  of  determining  the  positions  of  points, 
produce  five  corresponding  systems  of  Surveying,  which  may  be 
named  as  follows : 

I.  DIAGONAL  SUilYEYING. 
n.  PERPENDICULAR  SURVEYING. 

III.  POLAR  SURVEYING 

IV.  TRIANGULAR  SURVEYING. 
V.  TRILINEAR  SURVEYING. 

(13)  The  above  division  of  Surveying  has  been  made  in  har- 
mony ■with  the  principles  involved  and  the  methods  employed. 

The  subject  is,  however,  sometimes  divided  with  reference  to  the 
instrwmeiits  employed ;  as  the  chain,  either  alone  or  with  cross- 
staff;  the  compass ;  the  transit  or  theodolite ;  the  sextant ;  the 
plane  table,  &e. 

(14)  Surveying  may  also  bo  divided  according  to  its  oijeets. 
In  Zand  Surveying,  tlie  content,  in  acres,  &c.,  of  the  tract  sui> 

veyed,  is  usually  the  principal  object  of  the  survey.  A  map, 
showing  the  shape  of  the  property,  may  also  be  required.  Certain 
signs  on  it  may  indicate  the  different  kinds  of  culture,  &e.  Thia 
land  may  also  be  required  to  be  divided  up  in  certtun  proportions ; 
and  the  lines  of  division  may  also  be  required  to  be  set  out  on  tlie 
ground.  One  or  all  of  these  objects  may  be  demanded  m  Land 
Surveying. 

In  Topographicai  Surveying,  the  measurement  and  graphical 
representation  of  the  inequahtiea  of  the  groimd,  or  its  "  relief,"  i.  e, 
its  hills  and  hollows,  as  determmed  by  the  art  of  "  Levelling,"  ia 
the  leadmg  object. 

In  Maritime  or  Sydrographieal  Surveying,  the  positions  of 
rocks,  shoals  and  channels  are  the  chief  subjects  of  esamination. 

In  Honing  Surveying,  the  directions  and  dimensions  of  the  sub- 
terranean passages  of  mines  are  to  be  determined. 
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(15)  Surveying  may  sho  he  divided  according  to  the  extmt  of 
the  district  surveyed,  into  Plane  and  G-eodesio.  G-eodesy  takes 
into  accoimt  the  curvature  of  the  earth,  and  employa  Spherical 
Trigonometry,  Plane  Surveying  disregai:d3  this  cun'ature,  as  a 
needless  refinement  except  in  very  extensive  surveys,  such  as  those 
of  a  State,  and  considers  the  surface  of  the  earth  as  plane,  wliieh 
may  safely  be  done  in  surveys  of  moderate  extent. 


(18)  JJand  Surveying  is  the  principal  suhject  of  this  volume  ; 
the  surface  surveyed  being  regarded  as  plane;  and  each  of  the 
five  Methods  being  in  turn  employed.  For  the  purposes  of  instruc- 
tion, the  subject  -will  be  best  divided,  partly  with  reference  to  the 
Methods  employed,  and  pai'tly  to  the  Instruments  used.  Accord- 
ingly, the  First  and  /Second  Methods  (Diagonal  and  Perpendic- 
ular SuiTeying)  lyill  be  treated  of  under  the  title  "  Chain  Survey- 
ing," in  Part  II.  The  TMrd  Method  (Polar  Surveying)  ■will  be 
explained  under  the  titles  "  Compass  Surveying,"  Part  III,  and 
"  Transit  and  TheodoHte  Surveying,"  Part  IV.  The  Murih  and 
Mifth  Methods  "will  be  found  under  their  oivn  names  of  "  Triangu- 
lar Surveying,"  and  "  Trilinear  Surveying,"  in  Parts  V  and  VI. 

(17)  In  all  the  methods  of  Land  Surveying,  there  are  three 
stages  of  operation : 

1°  Measuring  certam  lines  and  angles,  and  recording  them ; 
'^o  Jfrawing  them  on  paper  to  some  suitable  scale ; 
3°   Calaidating  the  content  of  the  surface  surveyed. 
The  three  following  chapters  will  treat  of  each  of  these  topics  in 
their  turn. 
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CHAPTER  II. 

ilIAKlMC  THE  MEASUREMENTS. 

(18)  Tub  Measurements  "wliicli  are  required  in  Surveying,  may 
be  of  lines  or  of  angles,  or  of  both ;  according  to  the  Metliod  em- 
ployed     Eaeh  will  be  successively  considered. 

MEASURING  STRAIGHT  LINES. 

(19)  The  lines,  or  distances,  lyMch  are  to  be  measured,  may  be 
eithar  actual  or  visual. 

Actual  lines  are  such  as  rea,lly  exist  on  the  surface  of  the  land 
to  be  surveyed,  either  boundmg  it,  or  crossing  it ;  sucli  aa  fences, 
ditches,  roada,  streams,  &c. 

Visual  lines  are  imagmary  lines  of  eight,  either  temporarily 
measured  on  the  ground,  such  as  those  joining  opposite  corners  o£ 
a  field;  or  simply  indicated  by  stakes  at  their  extremities  or  other- 
wise.    If  long,  they  are  "  ranged  out "  by  methods  to  be  given. 

Lines  are  neually  measured  with  chains,  tapes  or  rods,  di- 
vided into  yai'ds,  feet,  links,  or  some  other  unit  of  measurement. 

(20)  CJufflter*3  Cliain.  This  is  the  measure  most  commonly 
used  in  Land  surveying,  lb  is  66  feet,  or  4  rods  long."  Eighty 
Buch  chains  make  one  mile. 


It  is  composed  of  one  hundred  pieces  of  iron  wire,  or  links,  each 
bent  at  the  end  into  a  ring,  and  connected  with  the  ring  at  the  end 
of  tiie  next  piece  by  another  ruig.  Sometimes  two  or  three  rmgs 
are  placed  between  the  links.     The  chain  is  ttien  less  liable  to 

"  This  length  was  chosen  (by  Mr,  Edward  Gunter)  bECOaae  10  square  chslni 
of  66  feet  make  one  acre,  (as  will  be  shown  in  Chapter  IV,)  and  ths  oomjjutatiDii 
of  areas  ia  thna  gcealiy  facilitated.  For  other  Surveying  purpoaea,  pai'boularly 
for  Bail-road  work,  a  chain  of  100  feel  is  preferable.  On  the  Uuited  States 
Coast  Sui'vey,  the  iinil  of  meaauremeiit  (which  at  some  future  time  will  be  the 
aoiveraal  out)  is  the  French  Metre,  equal  to  3.281  feet,  nearly. 


Hosted  by 


Google 


I-l 


Making  the  Measurements, 


17 


twist  and  get  entangled,  or  "  Idnked."  Two  or  more  swivels  are 
also  inserted  in  the  chain,  so  that  it  may  turn  around  without  twist- 
ing. Erery  tenth  link  is  mai'ked  hy  a  piece  of  hrass,  having  one, 
two,  three,  or  four  points,  corresponding  to  the  numher  of  tena 
which  it  marks,  counting  from  the  nearest  end  of  the  chsun*  The 
middle  or  fiftiefli  link  is  marked  by  a  roimd  piece  of  brass. 

The  hundredth  part  of  a  chain  is  caJled  a  link-f     The  great 
advantage  of  this  is,  that  sicce  hnlcs  are  decimal  parts  of  a  chain, 

they  may  he  bo  written  down,  5  chiuna  and  48  lints  being  5.43 
chains,  and  all  the  calculations  respecting  chaiaia  and  links  can  then 
he  performed  hy  the  common  rules  of  decimal  Arithmetic.     Each 
link  is  T,92  inches  long,  being  =  66  X  12  4- 100. 
The  following  Table  w  iH  be  found  convenient : 


CHAINS  INTO  PEET.     ] 

FEET  INTO  LINKS.     | 

CHAINS. 

FEET. 

CHA 

SS.    FEET. 

FEET. 

LINKS. 

FEBT. 

UWKS. 

0.01 

0.66 

"T 

00           66. 

0.10 

0.15 

10. 

16.2 

0.02 

1.32 

2 

132. 

0.20 

0.30 

16. 

22.7 

0.03 

1.98 

8 

198. 

0.26 

0.38 

20. 

80.3 

0.04 

2.64 

4 

264. 

0.30 

0.46 

26. 

37.9 

0.05 

3.S0 

5 

3S0. 

0.40 

0.60 

30. 

45.4 

0.06 

3.96 

6 

396. 

0.50 

0.76 

33. 

50.0 

0.07 

4.62 

7 

462. 

0.60 

0.91 

35. 

63.0 

0.08 

5.28 

8 

528. 

0.70 

1.06 

40. 

60.6 

0.09 

5.94 

9 

594. 

0.75 

1.13 

45. 

68.2 

.0.10 

6.60 

10 

660. 

0.80 

1.21 

50. 

76.8 

0.90 

1.36 

65. 

83.3 

0.20 

13.20 

20 

1S20. 

1.00 

1.62 

60. 

90.9 

0.30 

19.80 

30 

1980. 

2. 

3.0 

65. 

93.6 

0.40 

26.40 

40 

2640. 

3. 

45 

70. 

106.1 

0.50 

33.00 

60 

3300. 

4. 

6.1 

76. 

113.6 

0.60 

39.60 

60 

3960. 

6. 

7.6 

80. 

121.2 

0.70 

46.20 

70 

4620. 

6. 

9.1 

86. 

128.8 

0.80 

62.80 

80 

5280. 

7. 

10.6 

90. 

136.4 

0.90 

59.40 

90 

6940. 

8. 

12.1 

96. 

143.9 

1.00 

66.00 

100 

6600. 

9. 

13.6 

100. 

161.6 

*  To  prevent  the  "very  commoTi  mistake,  of  catling  forly,  sixty;  or  Iliivty,  aeveniy; 
ithasbeenBuegeatedtomakelhe  lltl),  Slfit,  31sl  and  41aHii:lts  uf  brass;  whicb 
would  at  once  Slow  on  which  side  of  tlie  middle  of  the  clmiii  was  the  doubtfal 
marfc.     This  would  be  particularly  nsefnl  in  Mining  Surveying. 

t  This  mast  not  be  confoanded  vvilh  the  pieces  of  wire  which  iiave  the  same 
name,  since  one  of  them  ia  sliorter  than  ihe  "  link"  need  in  calculation,  by  half  a 
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To  reduce  links  to  feet,  subtract  from  the  r.uaiber  of  links  aa 
many  units  as  it  contains  hundreds ;  multiply  the  i-emainder  by  2 
and  divide  by  3. 

To  reduce  feet  to  links,  add  to  the  giren  number  half  of  itself, 
and  add  one  for  each  hundred  (more  exactly,  for  each  ninety-nine) 
in  the  sum. 

The  chain  ia  liable  to  be  lengthened  by  its  rings  being  pulled 
open,  and  to  be  shortened  by  ils  linta  being  bent.  It  ehoiJd  there- 
fore be  fi-ec[uently  tested  by  a  carefully-measured  length  of  66  feet, 
Bet  out  by  a  standard  measure  on  a  flat  surface,  such  as  tho  top 
of  a  wall,  or  on  smooth  level  ground  between  two  stakes,  their 
centres  being  marked  by  small  nails.  It  may  be  left  a  little  longer 
than  the  true  lengtb,  since  it  can  seldom  be  stretched  so  as  to  be 
perfectly  horizontal  and  not  hang  in  a  carve,  or  be  dra^vn  out  in  a 
perfectly  straight  line.*  Distances  measured  with  a  perfectly 
accurate  cham  -will  always  and  unavoidably  be  recorded  as  longer 
than  they  really  are.  To  ensure  the  chain  bemg  always  strained 
with  the  same  force,  a  spring,  like  that  of  a  spring-balance, 
is  sometunes  placed  between  one  handle  and  tJie  rest  of  the 
chain. 

If  a  line  has  been  measured  with  an  incorrect  chain,  the  true 
length  of  the  line  wiU  be  obtained  by  multipiying  the  number  of 
chains  and  links  in  the  measured  distance  by  100,  and  dividing  by 
the  length  of  the  standard  distance,  as  ^ven  by  measurement  of 
it  with  tlie  incorrect  chain.  The  proportion  here  employed  is  this : 
As  the  length  of  the  standard  given  by  the  mcorrect  chain  Is  to 
the  true  length  of  the  standard,  So  is  the  length  of  the  line  ^ven 
by  the  measurement  To  the  true  length.  Thus,  suppose  that  a 
line  has  been  measured  with  a  certain  chain,  and  found  by  it  to  be 
ten  chains  long,  and  that  the  chain  is  aiterwards  found  to  have  been 
so  stretched  that  the  standard  distance,  measured  by  it,  appears  to 
be  only  99  links  long.  The  measured  Une  is  therefore  longer 
than  it  had  been  thought  to  be,  and  ita  true  length  ia  obtained 
by  multiplying  ten  by  100,  mi  dividing  by  99. 

The  cbain  used  by  ihe  Govei'nment  SntTeyovs  of  Fi-ance,  which  ia  10  Metres, 
or  iibou[  half  a  Gunter's  cbain  in.  length,  is  made  ft'om  one-flftb  to  two-fifiha  of  an 
Incb  longer  ibaii  the  alandarJ.   An  inaccuracy  of  one  five  biindredlh  of  its  length 
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(21) 

chain.* 


tbey  can 

They  8 

retain  the 

Mg.  10  . 

therefore 
held  b  J 
The  uses 


Pins.  Ten  iron  pins  or  "  arrows,"  usually  aficompany  the 
They  are  about  a  foot  long,  and  ai'e  made  of  stout  iron 
one  end,  and  bent  into  a  ring  at  the  other. 
'  red  and  white  cloth  should  be  tied  to  their  heads,  so  that 
be  easily  found  in  grass,  dead  leaves,  &o, 
ihould  be  strung  on  a  ring,  which  has  a  spring  catch  te 
m.  Their  usual  form  is  shown  in  Fig.  9.  f"'S-  ^-  ^<s-  lo 
jSiowa  ano&er  form,  made  very  liirge,  and 

very  heavy,  near  the  point,  so  that  when 
the  top  and  di-opped,  Jt  may  faU  vertically. 

of  this  ivill  be  seen  presently. 


(22)  On  irregular  ground,  two  stout  stakes  about 
eis  feet  long  are  needed  to  put  the  forward  chain- 
man  in  line,  and  to  enable  whichever  of  the  two  is 
lowest,  to  raise  his  end  of  the  chain  in  a  truly  vertical  luie,  and  to 
sti-ain  the  chain  straight. 

A  number  of  long  and  slender  rods  are  also  necessary  for 
"  ran^g  out"  lines  between  distant  points,  in  the  manner  to  be 
explained  hereafter ;  in  Part  11,  Chapter  V. 

(23)  How  to  Chain.  Two  men  are  rec^uired ;  a  forwaitl  chain- 
main,  and  a  hmd  chain-man ;  or  leader  and  follower.  The  latter 
takes  the  handles  of  the  chain  in  his  left  hand,  and  the  chain  itself 
in  his  right  hand,  and  throws  it  out  in  the  direction  in  whicK  it  is  to 
be  drawn.  The  former  takes  a  handle  of  the  chain  and  one  pin  m 
his  right  hand,  and  the  other  pins  (and  the  staff,  if  used,)  in  his 
left  hand,  and  draws  out  the  chain.  The  follower  then  walks 
beside  it,  examining  carefully  that  it  ia  not  twisted  or  bent.  He 
then  returns  to  its  hinder  end,  which  he  holds  at  the  be^nning  of 
the  line  to  be  measured,  puts  his  eye  exactly  over  it,  and,  by  the 
words  "Eight,"  "Left,"  directs  the  leader  how  to  put  his  staff, 
or  the  pin  which  he  holds  up,  "  in  line,"  so  that  it  may  seem  to 
coyer  and  hide  the  Sag-staff,  or  other  object  at  the  end  of  iho  line. 
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The  leader  all  the  while  keeps  the  chain  tightly  stretched,  and  his 
end  of  it  touching  his  staff.  Every  time  he  moves  the  chain,  he 
should  straighten  it  by  an  undulating  shake.  When  the  staff  (or 
pin)  is  at  last  put  "  in  line,"  the  follower  says  "  Down."  The 
leader  then  puts  in  the  single  pin  precisely  at  the  end  of  the  chain, 
and  replies  "  Down."  The  follower  then  (and  never  before  hearing 
this  signal  that  the  point  is  fixed)  loosens  his  end  of  the  chain, 
retaining  it  in  Lia  hantl.  The  leader  draws  on  tiie  cLalnj  making 
a  Step  to  one  side  of  the  pin  just  set,  to  avoid  dragging  it  out.  He 
should  keep  his  eye  steadily  on  tlie  object  ahead,  or,  in  a  hoUow, 
should  line  hiroself  approximately  by  looking  back.  The  foUower 
should  count  his  atepa,  so  as  to  know  where  to  look  for  the  pin  m 
high  grass,  &c.  As  he  approaches  the  pin,  he  caOs  "  Halt."  .On 
reaching  it,  he  holds  the  handle  of  the  chain  against  it,  pressing 
his  knee  against  both  to  keep  the  pin  finn.  He  then,  with  his  eye 
over  the  pin,  "  lines"  the  leader  as  before.  When  the  "  Down" 
has  been  again  called  by  the  follower,  and  answered  by  the  leader, 
the  former  pulls  out  the  pla  with  the  cham-hand,  and  carries  it  in 
bia  other  hand,  and  they  go  on  as  before.*  The  operation  is 
repeated  till  the  leader  has  arrived  at  the  end  of  the  line,  or  haa 
put  down  all  his  pins. 

When  the  leader  has  put  down  his  tenth  pin,  he  draws  on  the 
chain  its  length  farther,  and  after  being  lined,  puts  his  foot  on  the 
handle  to  k«ep  it  firm,  and  calls  "Tally."  The  follower  then 
drops  his  end  of  the  chain,  goea  up  to  the  leader  and  gjves  hiai 
back  all  the  pins,  both  countmg  them  to  make  sure  that  none  have 
been  lost.  One  pin  is  then  put  down  at  tlie  forward  end  of  the 
chajn,  and  tliey  go  on  as  before. 

Some  Surveyors  cause  the  leader  to  caU  "  tally"  at  the  tenth 
pin,  and  then  exchange  pins ;  but  then  the  follower  has  only  the 
hole  made  by  the  pin,  or  some  other  indefinite  mark,  to  measure 
from. 

Eleven  pins  aro  sometimes  preferred,  the  eleventh  being  of  brass, 
or  otherwise  different  from  the  rest,  and  being  used  to  mark  the 

•  When  a.  chain's  length  would  end  in  a  ditch,  pool  of  water,  &c.  and  the  chain, 
man  are  afraid  of  wetting  Iheir  feet,  ihey  can  measure  part  of  a  chain,  to  the  edge 
of  the  water,  then  stvetcli  the  chain  across  it,  tiud  then  measure  aiiniijer  portion 
•f  a.  chain,  so  thai  with  the  formei-  portiou,  it  may  make  up  a  full  chain. 
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end  of  the  eleventh  chain ;  another  being  suhstitute3  for  it  before 
the  leatler  goes  on. 

The  two  eham-men  may  change  duties  at  each  change  of  pins, 
if  they  are  of  equa]  skill,  hut  the  raore  careful  and  intelligent  of 
two  laborers  should  generally  be  made  "  follower." 

When  the  leader  reaches  the  end  of  the  line,  he  stops,  and  holds 
hia  end  of  the  chain  against  it.  The  foUo%yer  drops  hia  end  and 
counts  the  lints  beyond  the  last  pin,  Doting  carefully  on  which  side 
of  the  "  fifty"  mark  it  comes.  Each  pin  now  held  by  the  follower, 
including  the  one  in  the  ground,  represents  1  chain ;  etieh  time 
"tally"  has  been  called,  and  the  pins  exchanged,  represents  10 
chains,  and  the  links  just  counted  make  up  the  total  distance. 


(24)  Tallif;s<  In  chaining  very  long  distances,  there  is  danger 
of  miscounting  the  number  of  "tallies,"  or  tens.  To  avoid  mis- 
takes, pebbles,  &c.,  may  be  changed  from  one  pocket  into  anoSier 
at  each  change  of  pins ;  or  bits  of  leather  on  a  cord  Ya&j  be  slip- 
ped from  one  side  to  the  other ;  or  knots  tied  on  a  string ;  but  the 
best  plan  is  the  following.  Instead  of  ten  iron  pms,  use  nine  iron 
pina,  and  four,  or  eight,  or  ten  pins  of  brass,  or  very  much  longer 
than  the  rest.  At  the  end  of  the  tenth  chain,  the  iron  pins  being 
exhausted,  a  hri's  pin  is  put  doivn  by  the  leader  The  follower 
then  comes  up  and  letu  ns  the  nme  jto  j  n  s  b  t  etau  s  the  b  nsa 
one,  with  the  a  Id  t  or  al  -wi  -mtt^e  of  hi  ung  this  i  n  to  measui'e 
from.  At  the  en  I  of  the  t  e  t  eth  cl  a  tl  e  a  e  ope  ition  is 
repeated ;  and  so  o  Wl  en  the  n  ea^  u"en  nt  of  the  hne  s  com- 
pleteid,  each  bmss  j  n  h  R  1  y  the  f  lloi\  r  co  n  ts  ten  chims  and 
each  iron  pin  one,  as  before. 


(S5)  (Ikamin^  on  Slopes.  All  the  distances  employed  in 
Land-surveying  must  be  measured  horizontally,  or  on  a  level;  for 
reasons  to  be  given  in  chapter  IV,  When  the  ground  slopes,  it  is 
dierefore  necessary  to  malie  certain  allowances  or  corrections.  If 
the  slope  be  gentle,  hold  tho  up-hiU  end  of  the  chain  on  the  groimd, 
and  raise  the  dowo-hill  end  till  the  chain  is  level.  To  ensure  the 
elevated  end  being  exactly  over  the  desired  spot,  raise  it  along  a 
staff  kept  vertical,  or  drop  a  jiin  held  by  the  pciTit  with  the  nng 
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doiTOwards,  (if  you  have  not  the  heavy  pointed  ones  shown  in  Yig. 
10),  or,  which  is  better,  use  a  plumb-line.  A  person  standing 
beside  the  chain,  and  at  a  little  distance  from  it,  can  best  tell  if  it 
be  neai-I_y  level.  -  If  the  hill  he  so  steep  that  a  whole  chain  cannot 
he  held  up  level,  use  only  half  or  quarter  of  it  at  a  time.  Great 
care  is  necessary  in  this  operation.  To  measure  down  a  steep  hill, 
stretch  the  whole  chain  in  line.     Hold  the  F'S'  !'■ 

upper  end  fa^t  on  the  ground.  Raise  up 
the  20  or  30  link-mark,  so  that  that  portion 
of  the  chain  is  level.  Drop  a  plumb-line  or 
pin.  Then  let  the  follower  corae  forward 
and  hold  doivn  that  link  on  this  spot,  and  the  leader  hold  up  an^ 
other  short  portion,  as  before.  Chaining  down  a  slope  is  more 
accufate  than  chaming  up  it,  smce  in  the  latter  case  the  follower 
cannot  easily  plaoo  his  end  of  the  chain  exactly  over  the  pin. 

(26)  A  more  accurate,  though  more  troublesome,  method,  is  to 
measure  the  angle  of  the  elope ;  and  make  tlie  proper  allowance 
by  calculation,  or  by  a  table,  previously  prepared.  The  correction 
being  found,  the  chain  may  be  drawn  forward  the  proper  number 
of  links,  and  the  correct  distance  of  the  various  points  to  he  noted 
■will  thus  be  obtained  at  once,  witliout  any  subsequent  calculation 
or  reduction.  If  the  survey  is  made  with  the  Theodolite,  the  slope 
of  the  ground  can  be  measui'ed  directly.  A  "  Tangent  Scale,"  for 
the  same  purpose,  may  be  formed  on  the  sides  of  the  sights  of  a 
Compiss.     It  will  be  described  when  that  instrument  is  explained. 

In  the  following  table,  the  firat  column  contains  the  angle  which 
the  surface  of  the  ground  makes  with  the  horizon ;  the  second 
column  contains  its  slope,  named  by  the  ratio  of  the  perpendicular 
to  the  base ;  and  the  third,  the  correction  in  links  for  each  chain 
measured  on  the  slope,  i.  e.  the  difference  between  the  hypothenuse, 
which  is  the  distance  measured,  and  the  horizontal  base,  which  ia 
the  distance  desired, 
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TABLE  rOK  CHAINING  ON  SLOPES. 

ANGLE. 

SLOPE 

CORIfflCTION 
IN   LINKS. 

ANGLE. 

SLOPE. 

COEREOTION 
IN   LINKS. 

3= 

Ik  19 

0.14 

13= 

Im4i 

2.56 

40 

Ik  14 

0.24 

14= 

lm4 

2.97 

6° 

1  k  ll-S 

0.38 

15= 

lm4 

3.41 

6= 

liii    8^ 

0.56 

16= 

1  in  81 

3.87 

70 

1  k    8 

0.75 

17= 

IkSi 

4.37 

8= 

Ik    7 

0.97 

18= 

Ik  31 

4.89 

9» 

Ik    6^ 

1.23 

19= 

IkS 

5.45 

10' 

Ik    6 

1.53 

20= 

lm2} 

6.03 

11= 

Ik    5> 

1.S4 

25= 

lk2 

9.37 

12= 

Ik    4} 

2.19 

30= 

Ikl} 

13.40 

i(2J)  Chamiug  is  the  fimdamental  operation  in  all  kinds  oi  Bar- 
veying.  It  has  for  this  reason  been  very  mimitely  detailed.  The 
"follower"  is  the  most' responabla  person,  and  the  Survejor  will 
best  ensure  his  accuracy  by  takmg  that  place  himself.  If  he  has 
to  employ  inexperienced  laborers,  he  will  do  well  to  cause  them  to 
measure  the  distance  between  any  two  pomta,  and  then  remeasui-e 
it  in  the  opposite  direction.  The  difference  of  their  two  results 
will  impress  on  them  the  necessity  of  great  carefulness. 

To  "  do  Hp"  the  chain,  take  the  middle  of  it  ia  the  left  hand, 
and  with  the  right  hand  take  hold  of  the  doubled  ch^n  just  beyond 
the  second  link ;  double  up  the  two  links  between  .your  hands, 
and  continue  to  fold  up  two  double  links  at  a  time,  laying  each  pair 
obliquely  across  the  athera,  so  that  when  it  is  all  folded  up,  the 
handles  will  be  on  the  outside,  and  tlio  chain  will  have  an  lioui'-glass 
shape,  easy  to  strap  up  and  to  carry. 


(28)  Tailfi.  Though  the  chain  ia  most  usually  employed  for  the 
principal  measurements  of  Surveying,  a  tape-line,  divided  on  one 
aide  into  links,  and  on  the  other  into  feet  and  inches,  is  more  con- 
veiuent  for  some  purposes.  It  should  bo  tested  very  frequently, 
partiealarly  after  getting  wet,  and  the  correct  length  marked  on  it 
at  every  ten  feet,     A  "  Jletallic  Tape,"  loss  liable  to  stretch,  haa 
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J  manufactured,  in  which  fine  wires  form  ite  warp. 
When  the  tape  is  being  ■wound  up,  it  should  be  passed  between  two 
fingei"S  to  prevent  its  twisting  in  the  box,  wliich  would  make  it 
aeceasary  to  unscrew  its  nut  to  take  it  out  and  untwist  it.  While 
m  use,  it  should  be  made  portable  by  being  folded  up  by  arm's 
lengths,  mstead  of  being  wound  up. 

(29)  Substitutes  for  a  chain  or  a  tape,  msLy  be  found  in  leather 
driving  lines,  marked  off  with  a  caj'penter's  rale,  or  in  a  cord  knot- 
ted at  the  length  of  every  link.  A  well  made  rope,  (such  as  a 
"patent  wove  line,"  woven  circularly  with  the  etranda  always 
straight  in  the  line  of  the  str^n),  when  once  well  stretched,  wetted 
and  allowed  to  dry  with  a  moderate  strain,  will  not  vary  from  a 
chain  more  than  one  foot  in  two  thousand,  if  eairefully  used. 

(3S!)  Rffids.  When  unusually  accurate  measurements  are  re- 
cinn-eil,  rods  are  employed.  They  may  be  of  well  seasoned  wood, 
of  glass,  of  iron,  Uq..  They  must  be  placed  in  line  very  carefully 
end  to  end ;  or  made  to  coincide  in  other  ways ;  as  will  be  explain- 
ed in  Part  V,  under  tlie  title  of  "Triangular  Survej^ng,"  in 
which  the  peculiarly  accurate  measurement  of  one  line  is  requirecl, 
aa  all  the  othei-s  are  founded  upon  it. 

(31)  Pacing,  Sound,  and  other  approxnnate  means,  may  be 
used  for  measuring  the  length  of  a  line.  They  will  be  discussed, 
in  Part  IX.   The  Stadia  ia  desciibed  in  Art.  (375.) 

(32)  A  Peramhulator,  or  "  Measuring  ■\Mieel,"  is  sometimes 
used  for  measuring  distances,  particularly  Roads.  It  consisfe  of  a 
wheel  which  is  made  ia  roll  over  the  ground  to  be  measured,  and 
whose  motion  is  communicated  to  a  series  of  tfiothed  wheels  within 
the  machine.  These  wheels  are  so  proportioned,  that  the  index 
wheel  registers  their  revolutions,  and  records  the  whole  distance 
passed  over.  If  the  diameter  of  the  wheel  be  31^  inches,  tiie  eir- 
curaference,  aiid  therefore  ea«h  revolution,  will  be  8|  feet,  or  half 
a  rod.  The  rowghnesses  of  the  road  and  the  slopi 
cause  the  registered  distances  to  exceed  the  true  measure. 
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MEASURING   ANGLES. 

(33)  The  angle  made  bj  any  two  lines,  tliat  is,  the  difference 
of  their  direcfjcais,  is  measured  by  various  instruments,  consisting 
essentially  of  a  circle  divided  into  equal  parts,  witli  plain  sights,  or 
telescopes,  to  indicate  the  directions  of  tbe  two  lines. 

As  tfee  measurement  of  angles  is  not  required  for  "  Chain  Sur- 
veying," which  is  the  first  Method  to  be  discussed,  the  considera- 
(ion  of  this  land  of  meaanrenient  wiH  be  postponed  to  Part  III. 


NOTING   THE   MEASUREMENTS. 

(34)  The  measurements  which  have  been  made,  whether  of 
lines,  or  of  angles,  require  to  be  very  carefully  noted  and  recorded. 
Clearness  and  brevity  are  the  points  desii-ed.  Different  metliods 
of  notation  are  required  for  each  of  the  systems  of  surveying  which 
are  to  be  explained,  and  will  therefore  be  ^ven  in  their  appropriate 


CHAPTER  III. 


BRAWIHG  TSffi  MAP. 
(35)  A  Map  of  a  suiTsy  represents  the  lines  which  bound  the 
surface  surveyed,  and  the  objects  upon  it,  such  as  fences,  roads, 
livers,  houses,  woods,  hills,  &e.,  in  their  true  relative  dimensions 
and  positions.  It  is  a  miniature  copy  of  the  field,  farm,  &c.,  as  it 
would  be  seen  by  an  eye  movmg  over  it ;  or  as  it  would  appear,  if 
from  every  point  of  its  irregular  surface,  plumb  lines  were  dropped 
to  a  level  surface  under  it,  forming  what  is  called  in  geometrical 
language,  its 


(36)  Platting.  A  plat  of  a  survey  is  a  skeleton,  or  outime 
map.  It  is  a  figure  "  similar"  to  the  onginal,  having  all  its  angles 
equal,  and  its  sides  proportional.  Every  inch  on  it  represents  a 
foot,  a  yard,  a  rod,  a  mile,  or  some  other  length,  on  the  ground ; 
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all  the  measured  distances  being  diminislicd  m  exactly  tlic  samo 
ratio. . 

Plattihg  is  Treating  on  paper,  to  a  smaller  scale,  the  mea 
suremenis  which  have  been  made  mi  the  ground. 

Its  Various  operations  may  therefore  be  reduced,  in  accordance 
iritib.  tihe  principles  establiahod  in  the  Fu  la 

first  cliapter,  to  two,  yiz :  drawing 
a  straight  line  in  a  given  direction 
and  of  a  ^ren  length ;  and  describ-  ' 
ing  an  arc  of  a  circle  with  a  radius 
whose  length  is  also  ^ven.  Tho 
only  instrumenta  absolutely  necessaiy  for  this,  aie  a  straight  ruler, 
and  a  pair  of  "  dividers,"  or  "  compassBS."  Otliers,  ho^iever,  are 
often  convenient,  and  will  he  now  briefly  noticed. 

(87)  Straight  Lims,  These  are  usuaily  drawn  bj  the  aid  of  a 
straight-edged  niler.  But  to  obtain  a  very  long  straight  line  upon 
paper,  stretch  a  fine  silk  tliread  between  any  two  distant  points, 
and  mark  in  its  line  various  points,  near  enough  together  to  be 
aftei'wards  connected  by  a  common  ruler.  The  feread  may  also 
be  blackened  with  burnt  cork,  and  snapped  on  the  paper,  as  a 
carpenter  snaps  hia  chalk  line ;  but  this  is  liable  to  inaccuracies, 
from  not  raising  the  line  vertically. 

(38)  Arcs.  Tho  arcs  of  circles  used  in  fixing  the  position  of  a 
point  on  paper,  are  usually  described  irith  compasses,  one  leg  of 
which  carries  a  pencil  point.  A  convenient  substitute  is  a  strip 
of  pasteboard,  through  one  end  of  which  a  fine  needle  is  thrust  into 
the  ^ven  centre,  and  through  a  hole  in  which,  at  the  desired  dis- 
tance, a  pencil  point  is  passed,  and  can  thus  describe  a  circle  about 
the  centre,  the  pasteboai-d  keeping  it  always  at  the  proper  distance. 
A  string  is  a  still  readier,  hut  less  accurate,  instrument. 

(39)  Piirallels.  The  readiest  mode  of  drawmg  parallel  lines 
ta  by  the  aid  of  a  triangular  piece  of  wood  and  a  ruler.     Let  AB 
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■wliicK  liacl  coin- 


be  the  Hue  to  ■which  a  parallel  is  to 
be  drawn,  and  0  the  point  through  , 
Tvbich  it  must  pass.  Place  one 
side  of  the  triangle  against  the 
line,  and  place  tlie  ruler  agaiEst 
another  side  of  the  tnangle.  Hold 
the  ruler  fiim  and  immovable,  and 

elide  the  triangle  along  it  till  the  side  of  the  ti 
cided  with  the  given  line,  passes  through  the  given  point.  This 
side  ■win  then  he  parallel  to  that  given  line,  and  a  line  drawn  by 
it  will  be  the  hne  required. 

Another  easy  method  of  drawing  parallels,  is  by  means  of  a  T 
square,  an  instrument  very  valuable  for  many  other  purposes.  It 
is  nothing  but  a  ruler  let  into  a  thicker  piece  of  wood,  very  ti^uly 
at  right  angles  to  it.  For  this  use  of  it,  one  side  of  the  cross-piece 
must  be  even,  or  "  flush,"  with  the  ruler.  To  use  it,  lay  it  on  the 
paper  so  that  one  edge  of  the  Fig,  u. 

ruler  coincides  with  the  ^ven  line 
AB .  Place  another  ruler  against 
tlie  cross-piece,  hold  it  firm,  and 
slide  the  T  square  along,  iill  its 
edge  passes  through  the  given 
point  C,  as  shown  by  the  lower 
part  of  the  figure.  Then  draw 
by  this  edge  the  dcan'ed  line  pai-al- 
lel  to  the  gjven  line. 

i0)  Perpendiculars.  These  may  bo  drawn  hy  the  various 
problems  given  in  Geometry,  hut  more  readily  by  a  triangle  wliich 
has  one  right  angle.     Place  the  longest  i"'g-  is. 

side  of  the  triangle  on  the  given  line, 
and  place  a  mler  against  a  second  side 
of  the  triangle.  Hold  the  ruler  fast,  , 
and  turn  the  triangle  so  as  to  bring  its 
third  side  against  the  ruler.  Then  will 
the  long  side 
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given  line.  By  sliding  the  triangle  along  the  ruler,  it  may  ba 
used  to  draw  a  perpendicular  from  any  point  of  the  line,  or  from 
any  point  to  the  line. 

(4i)  AsglcSi  These  arc  r.iost  easily  set  out  ■with  an  mstru- 
ment  called  a  Protractor,  usually  a  seim-circle  of  brass.  But  the 
description  of  its  use,  and  cf  the  other  au&  more  accurate  modes 
of  Iaj4ng  off  angles,  ivill  he  postponed  till  thej  are  needed  in  Part 
in,  Chapter  IV. 

(12)  RraWiEff  to  Scale.  The  operation  of  drawing  on  paper 
lines  whose  length  shall  be  a  half,  a  quarter,  a  tenth,  or  any  other 
fraction,  of  tho  lines  measured  on  the  ground,  is  called  "  Drawing 
to  Scale." 

To  Bet  off  on  a  line  any  ^ven  distance  to  any  required  scale, 
determine  the  number  of  chains  or  links  which  each  division  of 
the  scale  of  equal  parts  shall  represent.  Divide  the  given  distance 
by  this  number.  The  quotient  will  be  the  number  of  equal  parts 
to  be  taken  in  the  dividers  and  to  be  set  off. 

For  example,  suppose  the  scale  of  equal  parts  to  be  a  common 
carpenter's  rule,  divided  into  inches  and  eighths.  Let  the  ^ven 
distance  be  twelve  chains,  which  is  to  be  drawn  to  a  scale  of 
two  chains  to  an  inch.  Then  sis  inches  will  be  the  distance  to  be 
set  00".  If  the  given  distance  had  been  twelve  chains  and  seventy 
five  links,  the  distance  to  be  set  off  would  have  been  six  inches 
and  three-eighths,  since  each  eighth  of  an  inch  represents  25  Ihiks. 

If  the  deared  scale  were  three  chains  to  an  inch,  each 
eighth  of  an  inch  would  represent  37^  links ;  and  the  distance 
of  1275  links  would  be  represented  by  thirty-four  ei^ths  of  an  inch, 
or  4|  inches. 

A  similar  process  will  give  the  connect  length  to  be  set  off  for 
any  distance  to  any  scale. 

If  the  scale  used  had  been  dlrided  into  inches  and  tentlis,  as  is 
much  the  most  convenient,  the  above  distances  would  have  become 
on  the  former  scale  6^',^^  inches,  or  nearly  6,^  inches ;  and  on  the 
latter  scale  4^^^  inches,  coming  midway  between  the  2d  and  Sd 
tenth  of  an  inch. 
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(43)  Conversely,  to  find  the  real  length  of  a  line  drawn  on 
paper  to  any  knoiyn  scale,  reverse  the  preceding  operation.  Talie 
the  length  of  the  line  in  the  dividers,  apply  it  to  the  scale,  and 
count  how  many  equal  parts  it  includes.  Midtdply  their  number 
by  the  number  of  chains  or  Imks  which  each  represents,  and  the 
product  wUl  be  tlie  desired  length  of  the  line  on  the  gi-ound. 

This  operation  and  the  preceding  one  are  greatly  facilitated  by 
the  use  of  t!ie  scalea  to  be  described  in  Art.  (i8) 

(44)  Scales.  The  choice  of  the  scale  to  which  a  plat  should  be 
drawn,  that  is,  how  many  times  eraaller  its  lines  shall  be  than  those 
which  have  been  measured  on  the  ground,  is  determined  by  several 
coaaiderations.  The  chief  one  is,  that  it  shall  be  just  large  enough 
to  express  cleaidy  all  the  details  which  it  is  desirable  to  know.  A 
Fai-m  Surrey  would  require  its  plat  to  show  every  field  and  build- 
ing. A  State  Survey  would  show  only  the  towns,  rivers,  and  lead- 
ing roads.  The  size  of  the  paper  at  hand  \vill  also  limit  the  scale 
to  be  adopted.  If  the  content  ia  to  be  calculated  from  the  plat, 
that  will  forbid  it  to  be  leas  than  3  chains  to  1  inch. 

Scales  are  named  in  various  ways.  They  should  always  he 
expressed  fractionaUy ;  i.  e.  they  should  be  so  named  as  to  indicate 
what  fi-acfdonal  part  of  the  real  line  measured  on  the  ground,  the 
representative  line  drawn  on  the  paper,  actually  is.  When  custom 
requires  a  different  way  of  naming  the  scale,  both  should  be  given. 
It  would  be  still  better,  if  the  denominator  could  always  be  some 
power  of  10,  or  at  least  some  multiple  of  2  and  5,  such  as  ^Jb, 
TTTSTT)  ^injff)  5^5)  ^<'-  ^^^  Convenience  in  printing,  these  may  be 
written  thus :  1 :  500, 1 :  1000, 1 :  2000, 1 :  2500,  &e. 

Plata  of  Farm  Surveys  are  usually  named  as  being  so  many 
chains  to  an  inch. 

Maps  of  Surveys  of  States  are  generally  named  as  bemg  made 
to  a  scale  of  so  many  miles  to  an  inch. 

Maps  of  Rail-^'oad  Svroeyg  are  said  to  be  so  many  feet  to  an 
inch,  01'  so  many  inches  to  a  mUe. 

(45)  Farm  Siiryeys.  K  these  are  of  small  extent,  two  chains 
to  one  inch  (which  is  =sy^7f>  =  I^=  1:1584)  is  convenient 
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A  scale  of  one  chain  to  one  inch  (1 :  792)  ia  useful  for  plans  of  build 
ings.  Three  chains  to  one  inch  (1:2376)  is  suitable  for  larger 
farms.  It  is  the  scale  prescribed  by  the  English  Tithe  Coinmis- 
sioiiers  for  their  first  class  maps. 

Iq  Jrance,  the  Cadasti-e  Surveys  nre  lithographed  on  a  scale 
about  equivalent  to  this,  being  1:  2500.  The  original  plans  are 
draivn  to  a  scale  of  1 :  5000.  Plans  for  the  division  of  property 
are  made  on  tho  former  eealo.  "WTien  the  district  exceeds  3000 
acres,  the  scale  is  1;10;000.  When  it  exceeds  7,500  acres,  the 
Bcale  is  1:20,000.  A  common  scale  in  France  for  small  surveys 
ia  1:1000;  about  Ij  chains  to  1  inch. 


1  chai^  to   I II 


)!fS-g?tH:i^IE«raE7— - — [ 
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The  choice  of  the  most  suitable  scale  for  the  plat  of  a  farm  sur^. 
voy,  may  be  facilitated  by  the  Kgure  given  above,  which  shoiva 
the  actual  space  occupied  by  one  acre,  (the  customary  unit  of  land 
fo),  laid  out  in  the  form  of  a  square,  on  maps  drawn  to  the 
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C46)  State  Stirvcjs.  On  tliese  surveys,  smaller  scales  are 
necessarily  employed. 

On  tlie  admirable  United  States  Coast  Survey,  all  the  scales 
we  expressed  fractionary  and  decimally.  "  Tlie  surveys  are 
generally  platted  ori^naily  on  a  scale  of  one  to  ten  or  feweiity  tEou- 
sand,  but  in  some  instances  the  scale  is  larger  or  smaller. 

These  ori^al  surveys  are  reduced  for  engraving  and  publica- 
tion, and  -wlien  issued,  are  embraced  in  tliree  general  classes.  1°, 
email  Harbor  charts ;  2°,  charts  of  Bays,  Sounds,  and  3^,  of  the 
CoEist  General  Charte. 

The  scales  of  the  first  elaes  vary  from  1:10,000  to  1:60,000, 
according  to  the  nature  of  the  Harbor  and  the  different  objects  to 
be  represented. 

Where  there  are  many  ehoals,  rocks,  or  other  objects,  as  in 
Nantuctet  Harbor  and  HeU-Cfate,  or  where  the  importance  of  the 
harbor  makes  it  necessary,  a  larger  scale  of  1:5,000,1:10,000, 
and  1:20,000  is  used.  But  where,  from  the  size  of  the  harbor, 
or  its  ease  of  access,  a  smaller  one  will  point  out  every  danger  ivith 
sufficient  exactness,  the  scales  of  1:40,000  and  1:60,000  are 
used,  as  ni  the  case  of  New-Bedford  Harbor,  Cat  and  Ship  Island 
Harbor,  New-Haven,  &c. 

The  scale  of  the  second  class,  in  conseq^uence  of  the  large  areas 
to  be  represented,  is  usually  fixed  at  1 :  80,000,  as  in  the  case  of 
New-York  Bay,  Delaware  Bay  and  Biver.  Preliminai-y  charts, 
however,  are  issued,  of  various  scales  from  1 ;  80,000  to  1 :  200,000. 

Of  the  third  class,  the  scale  is  fixed  at  1:400,000,  for  the 
General  Chart  of  the  Coast  from  Gay  Head  to  Cape  Henlopen, 
although  considerations  of  the  proxinuty  and  importance  of  points 
on  the  coast,  may  change  the  scales  of  chai'ts  of  other  portions  of 
our  extended  coast."* 

The  National  Survey  of  Cfreat  Britain  is  called,  from  the  corps 
employed  on  it,  the  "  Ordnance  Survey," 

The  "  Ordnance  Surrey"  of  the  southern  counties  of  Bnghind 
■ffas  platted  on  a  scale  of  2  inches  to  1  mile,  (1:31,680),  and 
reduced  for  publication  to  that  of  one  inch  to  a  mile,  (1:63,860). 
The  scale  of  6  inches  to  a  mile  (1 :  10,560)  was  adopted  for  the 

■  CoDiinuiiicatcd  frain  the  U.  S.  Coast  Survey  office. 


Hosted  by 


Google 


32  FtllVDAMERTAL  OPERATIOSS.  [paet  i. 

northern  counties  of  England  and  for  the  southern  counti^  of  Scot- 
land. The  same  scale  was  employed  for  platting  and  engi-avmg  'm 
outhne  the  "  Ordnance  Survey"  of  Ireland.  But  a  map  on  a 
scale  of  1  inch  to  1  mile  (1 :  63,360)  is  about  to  be  pubhshed,  the 
former  scale  rendering  the  maps  too  unwieldj  and  cumbrous  for 
conaultation. 

The  Ordnance  Survey  of  Scotland  waa  at  first  platted  on  a  scale 
of  six  mehes  to  one  mite,  (1:10,5G0).  That  scale  has  since  been 
abandoned,  and  it  is  now  platted  on  a  scale  of  two  inches  to  1  mile, 
(1 :  81,680),  and  the  general  maps  are  made  to  only  half  that  scale. 

The  Ordnance  Survey  scale  for  the  maps  of  London  and  other 
large  tornis,  is  5  feet  to  1  mile,  (1 :  1056),  or  IJ  chains  to  one  Inch. 

In  the  "  Surveys  under  the  Public  Health  act"  of  England, 
the  scale  for  the  general  plan  is  two  feet  to  one  mile,  (1:2,640)  ; 
and  for  the  detailed  plan,  ten  feet  per  mile,  (1 :  528),  or  two-thirds 
of  a  chain  per  inch. 

The  Government  Survey  of  France  is  platted  to  a  scale  of 
1:20,000.  Copies  are  made  to  1;40,000;  and  the  maps  are 
engraved  to  a  scale  of  1 :  80,000,  or  about  |  inch  to  1  mile, 

Casaini's  famous  map  of  France  was  on  a  scale  of  1 :  86,400, 

The  Prenoh  "War  Department  employ  the  scales  of  1 :  10,000  ; 
1:20,000;  1:40,000;  and  1:80,000  ;  for  the  topography  of 
France. 

(47)  Ilal!-r<i)ad  SniTcys.  For  these  the  New-Tork  G-eneral 
Rail-road  Lair  of  1850  directs  the  scale  of  maps  which  are  to  be 
filed  m  the  State  Engineer's  Office,  to  be  five  hundred  feet  to  one- 
tenth  of  a  foot,  (=  1 :  5000.) 

For  the  New-York  Canal  Maps  a  scale  of  2  chains  to  1  inch 
(1 :  1584)  is  employed. 

The  Parliamentary  "  standing  orders"  prescribe  the  plana  of 
EEul-roada,  prepared  for  Parliamentary  purposes,  to  be  made  on  a 
scale  of  not  less  than  4  inches  to  the  mile,  (1 :  15840)  :  and  the 
enlarged  portions  (as  of  gardens,  court-yards,  &c.)  to  be  on  a  scale 
not  smaller  than  400  feet  to  tho  inch,  (1:4800.)  Accordingly 
the  practice  of  Enghsh  Railway  Engmeers  is  to  draw  the  whole 
plan  to  a  scale  of  0  chains,  or  S96  feet  to  the  inch,  (1 :  4752)  as 
being  just  within  tlie  Parliamentary  limita. 
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CHAP.    III.] 

In  R-ance,  the  En^eera  of  "  Briclges  and  Roads"  (Corps  dea 
Ponta  et  Chavisaeea)  employ  for  the  general  plan  of  a  road  a  scale 
of  1 :  5000,  and  for  apprapriationa  1 :  500. 

(48)  In  the  United  States  En^eer  service,  the  following  scales 
are  prescribed : 

General  plana  of  bnUdinga,  1  inch  to  10  feet,  (1 ;  120). 
MBpsofgrtiimdivritliliorimctalcnrvBaonefoolapiivl,!  lEcll  lo  50  feet,  (liSUOJ 

TopogiaphioBi  maps,  one  mile  BTid  B  lialf  square,  3  feet  10  oue  mile,  (1 : 3,540). 

Da.  coiiipi'isiiig  three  miles  square,  1  foot  to  one  mile,  (1:5,280 )■ 

Do.  between  fouc  and  eight  miles  square,  6  inches  to  one  mile,  ( 1 :  10,S60). 

Do.  comprising  nine  miloa  aqnare,  i  inclies  to  one  mile,  (1 :  13,840). 

Maps  iiot  exceeding  24  miles  square,  3  inciies  to  one  mile,  (1 :  31,680). 

Maps  comprising  50  miles  square,  1  inch  to  one  mile,  (3:  63,360). 

Mapa  comprising  100  miles  square,  4  inch  to  one  mile,  (1;  ISeiTaO.) 

Surveys  of  Roads,  Canals,  &c.,  1  inch  to  50  feet,  (1 :  600). 

(49)  The  most  convenient  scales  of  equal  parts  are  those  of  box- 
wood, or  ivory,  which  have  a  fiducial  or  feather  edge,  along  which 
they  are  divided,  so  tliat  distances  can  be  at  once  marked  off  from 
this  edge,  without  requiring  to  be  taien  off  with  the  dividers ;  or 
the  length  of  a  ^ven  line  can  be  at  once  read  off.  Box-wood  is 
preferable  to  ivory  as  much  less  liable  to  tvarp,  or  to  vary  in  length 
with  changes  in  the  moisture  in  the  air. 

The  student  can,  however,  make  for  himself  platting  scales  ol 
drawing  paper,  or  Bristol  board.  Cut  a  straight  ship  of  this  mate- 
rial, about  an  inch  wide.     Draw  a  line  through  its  middle,  and  set 


BiHr-jM-^HP 


off  on  it  a  numbLi  of  e  |ml  pirts,  e^b  repieoentmg  i  chim  to  tliP 
desired  scale  f  ub  divide  the  left  hind  division  into  ttn  etjuji 
pai-ta,  each  of  winch  will  tlieieioie  reprcent  ten  hnk^  to  this  scile 
Through  each  pjuit  ot  diviMon  on  the  cential  hne,  di\w  (with 
the  T  square)  peipendiculars  extending  to  the  edges,  and  the 
scale  is  made  It  explains  itself  The  above  £gme  is  a  scale  of 
2  chains  to  1  mch      i.hi  it  the  distmce  220  hnks  w  luld  p\tend 
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becween  the  arrow-lieads  above  the  line  in  the  figure  ;  560  Ihita 
exteada  between  the  lower  arrow-heads,  &o. 

A  paper  scale  has  the  great  adyantage  of  varying  less  from 
a  plat  ■which  has  been  made  by  it,  in  consequence  of  changes 
in  the  weather,  than  any  other.  The  mean  of  many  tiiaJs 
showed  the  difference  between  such  a  scale  and  drawing  paper, 
when  exposed  alternately  to  the  damp  open  atmosphere,  and  to  the 
air  of  a  warm  dry  room,  to  he  eq^aal  to  .005,  while  ik&t  between 
box-wood  scales  and  the  paper  was  .012,  or  nearly  2^  times  as 
much.     The  difference  with  ivory  would  have  been  even  greater. 

Some  of  the  more  usual  platting  scales  are  here  ^ven  ia 
their  actual  dimensions. 

In  these  five  figures,  different  methods  of  drawing  the  scales 
have  been  given,  but  each  method  may  be  applied  to  any  scale. 
The  first  and  second,  being  the  most  simple,  are  generally  the  best. 
In  the  third  the  subdivisions  are  made  by  a  diagonal  Ibie :  the 
distaneea  between  the  various  pairs  of  arrow  heads,  be^nning  with 
the  uppermost,  are,  respectively,  310,  540,  and  270  links. 

Fig.  18.     Scale  of  1  chait,  to  1  incft. 


Fig.  J9.     S<-alc  of  2  chains  to  1  inch. 

Fig.  90.     ScaU  of  3  chains  to  1  inch. 
0123456            780 

In  the  fourth  figure  the  dist-aiices  between  tlie  arrow  lioada  are 
respectively  310,  270,  and  540  links. 

Fig.  21.     Scakof  iduiinstalinA. 

o     1     a     3     4      5     «      7     8     a     10     n     la    19 

hiri     ■■  T-- 

i     1 

1      :      ■! 

> 

Hosted  by 


Google 


CHAP.  III.]  Siawing  tiic  Map.  36 

In  the  fifth  figure  the  scale  of  5  chains  to  1  inch  k  subdivided 
diagonally  to  only  every  quarter  chain,  or  25  lints.  The  distance 
between  the  upper  pair  of  arrow-heads  on  it  is  12^  chains,  or  12.25 ; 
between  the  next  pair  of  arrow-heade,  it  is  6.50 ;  and  between  the 
lower  pair,  14.75. 

Fig.  22.     Scale  of  5  climns  to  1  inch. 


— 7~1     T"f  ~'!\ 


A  diagonal  scale  for  dividing  an  inclt,  or  a  half  inch,  into  100 
equal  parts,  ia  found  on  the  "  Plain  scale"  in  every  case  of  instru- 
ments. 

(5(1)  Vernier  Stale.  This  is  an  ingenious  substitute  for  the 
diagonal  scale.  The  one  given  in  the  following  figure  divides  an 
inch  into  100  equal  parts,  and  if  each  inch  be  supposed  to  rep 
a  chain,  it  gives  single  huks. 


[TiiimrrjTiiiiiiiTiiMMiiifTr' 


Make  a  scale  of  an  inch  divided  into  tenths,  as  in  the  upper 
scale  of  the  above  figure.  Take  m  the  dividers  eleven  of  these 
divisions,  and  set  off  this  distance  from  the  0  of  the  scale  to  the 
left  of  it.  Divide  the  distance  thus  set  off  into  10  equal  parts. 
Each  of  them  will  be  one  tenth  of  eleven  tenths  of  one  inch ;  i.  e. 
eleven  hundredths,  or  a  tenth  and  a  hundredth,  and  the  first  di- 
vision on  the  short,  or  vernier  scale,  will  overlap,  or  he  longer  than 
the  first  division  on  the  long  scale,  by  just  one,  hundredth  of  an 
inch ;  the  second  division  will  overlap  two  hundredths,  and  so  on. 
The  principle  will  bemorefully  developed  in  treating  of  "Verniers," 
Part  IV,  Chapter  H. 

1^1  ow  suppose  we  ivish  to  take  off  from  this  scale  275  hundredths 
of  an  inch.  To  get  the  last  figure,  we  must  take  five  divisions  on 
the  lower  scale,  which  will  be  55  hundredths,  for  the  reaaon  just 
^ven.     220  will  remain  ivMch  are  to  be  taken  from  the  upper 


Hosted  by 


Google 


PBISMMESTAL  OPEEATIOA'S, 


[i'AET    1 


scale,  and  tJie  entire  nunibei'  will  be  obtained  at  once  by  extending 
the  dividers  between  the  aiTOw-heads  in  the  figure  from  220  on  tha 
upper  scale  (meaaunng  along  ita  lower  side)  to  55  on  the  lower  scale, 
254  would  extend  from  210  on  the  upper  scale  to  44  on  the  lower. 
318  would  extend  from  230  on  the  upper  scale  to  88  on  the  lower. 
Always  be^  tlien  witti  subtracting  11  times  the  last  figure  from 
the  ^ven  number ;  find  the  remainders  on  the  upper  scale,  and 
the  number  subtractecl  on  the  lower  scale. 


(51)  A  plat  is  sometimes  made  by  a  ncminally  reduced  scale 
in  the  following  manner.  Suppose  that  the  scale  of  the  plat  is  to 
be  ten  chains  to  one  inch,  and  that  a  diagonal  scale  of  inches,  divided 
into  tenths  and  hundredths,  ia  the  only  one  at  hand.  By  dividing 
all  the  distances  by  ten,  this  scale  can  then  be  used  without  any 
further  reduction.  But  if  the  content  is  measured  from  the  plat 
to  the  same  scale,  in  the  manner  explained  in  the  nest  chapter,  the 
result  must  be  multiplied  by  10  times  10.  This  is  called  by  old 
Surveyors  "  RaJsing  the  scale,"  or  "  Hestoring  true  measure." 


(52)  Sectoral  Scales.  The  Sector,  (called  by  tlie  French 
"  Compass  of  Proportion"),  is  an  inistnimeot  sometimes  convenient 
for  obtaining  a  scale  of  equal  parts.  It  is  in  two  portions,  turning 
on  a  hinge,  like  a  carpenter's  pocket  inile.  It  contains  a  gi-eat 
number  of  scales,  but  the  one  intended  for  tliis  use  is  lettered  a.t  its 
ends  L  in  English  instruments,  and  consists  of  two  lines  ninning 
from  the  centre  to  the  ends  of  the  scale,  and  each  divided  mto  ten 
equal  parts,  each  of  which  is  again  subdivided  into  10,  so  that  each 
leg  of  the  scale  contains  100 
equal  parts.  To  illustrate 
its  use,  suppose  that  a  scale 
of  7  chains  to  1  inch  is  re- 
quired. Tate  1  lach  in  tlie 
dividera,  and  open  the  sec- 
tor tin  this  distajice  will  just 
reach  from  the  1  on  one  log 
to  the  7  on  the  other.  The 
sector  is  then  "  set"  for  tliia 
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CHAP.  III.]  Drawing  the  Map.  S7 

scale,  and  the  angle  of  ita  opening  must  not  be  again  changed. 
Now  let  a  distance  of  580  links  be  required.  Open  the  dividers 
till  they  reach  from  58  to  58  on  the  two  legs,  as  in  the  dotted  line 
in  the  figure,  and  it  is  the  required  distance.  Again,  suppose  that 
a  scale  of  2^  chains  to  one  inch  is  desired.  Open  the  sector  so 
that  1  inch  shall  extend  from  25  to  25.  Any  other  scale  may  be 
obtained  ia  the  same  maanei-. 

Conversely,  the  length  of  any  known  line  to  any  desired  scale 
oan  thus  be  readily  determined. 

(53)  Whatever  scale  may  be  adopted  for  platting  the  survey,  it 
should  be  drawn  on  the  map,  both  for  convenience  of  reference, 
and  in  order  that  the  contraction  and  expansion,  caused  by  changes 
in  the  quantifcy  of  moisture  in  the  atmosphere,  may  affect  the  scale 
and  the  map  alike.  When  the  drawing  paper  has  been  wet  and 
glued  to  a  board,  and  cut  off  when  the  map  is  completed,  its  con- 
tractions Jiave  been  found  by  many  obsei-vationa  to  average  from 
one-fourth  to  one-half  per  cent,  on  a  scale  of  3  chains  to  an  inch, 
(1:2376),  which  would  therefore  require  an  allowance  of  from 
one-half  perch  to  one  perch  per  Rcte. 

A  scale  made  as  directed  in  Art.  (49),  if  used  to  make  a  plat 
on  unstretehed  paper,  and  then  kept  ivith  the  plat,  will  answer 
nearly  the  same  purpose. 

Such  a  scale  may  be  attached  to  a  map,  by  shpping  it  through 
two  or  three  cuts  in  the  lower  part  of  the  sheet,  and  will  be  a  very 
convenient  substitute  for  a  pair  of  dividers  in  measuring  any  dis- 
tance upon  it. 

(■54)  Scale  Giliitted.  It  may  be  required  to  find  the  unknown 
scale  to  which  a  ^ven  map  has  been  drawn,  its  superficial  content 
being  knoira.  Assume  any  convenient  scale,  measure  the  lines 
of  the  map  by  it,  and  find  the  content  by  the  methods  to  be  given 
in  the  next  chapter,  proceeding  as  if  the  assumed  scale  were  the 
true  one.  Then  make  this  proportion,  founded  on  the  geometrical 
principle  that  the  areas  of  similar  figures  are  as  the  squares  of  their 
corresponding  sides :  As  the  content  found  is  to  the  given  content 
So  IS  the  square  of  the  assmned  scale  Ki  the  square  of  the  true  scale. 


Hosted  by 


Google 


FFSDaMESTlL  OPEBATIOSS. 


CHAPTER  lY. 


CALCTLATISfi  T3!E  COOTEW. 
(S5)  The  Cqstext  of  a  piece  of  ground  is  .'ts  supei-ficid  ana, 
or  the  immber  of  square  feet,  jarcla,  acres,  or  miles  wliicli  it 
contains. 


(36)  Koi-izootal  Measurement.  All  groimd,  however  mclinecl 
or  uneven  its  surface  may  be,  should  be  measured  honzontally,  or 
as  iT  brought  down  to  a  horizontal  plane,  so  that  the  surface  of  a 
hill,  thus  measured,  would  give  the  same  content  as  the  level  base 
on  which  it  may  be  supposed  to  stand,  or  as  the  figure  which  would 
be  formed  on  a  level  sm'fa^e  beneath  it  by  dropping  plumb  lines 
from  every  point  of  it. 

This  method  of  procedure  is  required  for  both  Geometrical  and 
Social  reasors. 

G-eomebnaally,  it  is  plain  that  this  horizontal  measurement  is 
absolutely  necessary  for  the  purpose  of  obtainmg  a  correct  plat. 
ia  Fig.  25,  let  AECD,  and  BOEF,      ^  Fig.js. 

be  two  square  lots  of  ground,  platted 
horizontally.  Suppose  the  ground  to 
slope  in  all  dh-ections  from  the  point 
C,  which  is  the  summit  of  a  hill. 
Then  the  lines  EC,  DO,  measured  on 
the  slope,  are  longer  tlian  if  measur- 
ed on  a  level,  and  the  field  AECD, 
of  Fig.  25,  platted  with  these  long 
lines,  would  take  tlie  shape  AEGD 
in  Fig.  26 ;  and  the  field  EGEF, 
of  Fig.  25,  would  become  BHEF  of 
Fig.  26.  The  two  adjoinhig  fields  would  thus  overlap  each  other ; 
and  the  same  dif&eultj  would  occur  in  every  case  of  plattmg  any 
two  adjoining  fields  by  the  measurements  made  on  the  slope. 


-l=S^P 


Hosted  by 


Google 


CHAi'.  lY.]  Calculating  tiie  Cantcnt. 

Let  lis  suppose  aiiothei  case,  P'g  27  Fig.  38^ 

more  simple  tlian  would  evei  oc- 
cur in  practice,  that  of  a  three- 
sided  field,  of  equal  siJes  and 
composed  of  three  portions  each 
sloping  down  uniformly,  (it  the 
rate  of  one  to  one)  from  one  point  m  tlii'  contie  as  in  Fig.  27. 
Each  slope  being  accuiatelj  platted,  the  thiee  could  not  cumo 
together,  but  would  be  separated  as  in  Rg.  28. 

We  have  here  taken  the  most  simple  cases,  those  of  uniform 

slopes.  But  ivith  the  common  irregularitaea  of  uneven  ground,  to 
measure  ils  actual  surface  would  not  only  he  improper,  hut  impos- 
sible. 

In  the  Soeial  aspect  of  this'question,  the  horizontal  measurement 
is  justified  by  the  fact  thattuo  more  houses  can  be  built  on  a  hill 
than  could  be  built  on  its  flat  base ;  and  that  no  more  trees,  com, 
or  other  plants,  which-  shoot  up  vertically,  caa  grow  on  it ;  as  is 
represented  by  the  vertical  lines  in  the  f 'S-  -»- 

Figure.*     Even  if  a  aide  hiU  should  pro-  i^TMi   rhkl 

duce  more  of  certain  creeping  plants,  the  ■;pf\\\  I  I  I  I  I  I  I  KJ 
increased  difficulty  in  tiieir  cultivation  might  perhaps  balance  this. 
For  this  reason  the  surface  of  the  soil  thus  measured  is  sometimes 
called  the  p~oductive  hose  of  the  ground. 

Again,  a  piece  of  land  containing  a  hill  and  a  hollow,  if  measured 
on  the  surface  would  give  a  larger  content  than  it  would  after  the 
hollow  had  been  filled  up  by  the  hill,  while  it  would  yet  reaUy  be 
of  greatoi'  value  than  before. 

Horizontal  measurement  is  called  the  "  Method  of  Cultellation," 
and  Superficial  measurement,  the  "  Method  of  Developement."f 

An  act  of  the  State  of  New-Tork  prescribes  that  "  The  a«re,  for 
land  measure,  shall  be  measured  horizontally." 

*  Thia  question  is  more  ihan  two  ihouaand  years  old,  for  Polybios  writes, 
"  Some  eyen  of  thoee  who  are  emplojed  in  tlie  admin istvation  of  atates,  or  placed 
Bl  the  head  of  armieB,  imagine  that  iineqtial  aiid.  hilly  ground  will  contain  nioi'e 
honaea  than  a  enrfaee  which  ia  flat  and  level.  This,  however,  ia  not  the  ti-ath. 
For  the  honses  being  raised  in  a  Terliool  line,'fovin  light  angles,  not  with  the  de- 
olivitj-  o£  the  ground,  but  with  llie  flat  surface  wbichTiea  below,  and  upoa  whicli 
tile  hilU  themaelvea  also  stand." 

.  t  The  former  from  Cidldliaa,  a  knife,  as  if  the  bills  were  sliced  off;  the  laltei 
go  named  because  it  sWips  otf  or  ur.folds,  as  it  were,  the  surface. 
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(37)  SToit  ftf  iCantent.  TIio  Aoe  is  the  uait  of  land-measure* 
ment.  It  contains  4  Roods.  A  Hood  contains  40  Perches.  A 
Perch  is  a  squai'e  Rod ;  othenviae  called  a  Perch,  or  Pole,  A 
Hod  is  5^  yards,  or  16^  feet. 

Hence,  1  acre  =  4  Roods  =  160  Perches  =  4,840  sq^uata 
yards  =  43,560  sqiiai-e  feet. 

One  square  mile  =  5280  X  5280  feet  =  640  a«cea. 

Since  a  chaJn  la  66  feet  long,  a  square  chain  contains  435Q 
square  feet ;  and  consequently  ten  square  ohaiTis  make  one  acre* 

Li  different  parts  of  England,  the  acre  varies  greatly.  The 
statute  acre,  as  in  the  Umt^d  States,  contains  160  square  perches 
of  16|  feet,  or  43,560  square  feet.  The  acre  of  Devonshire  and 
Somersetshire,  contains  160  perches  of  15  feet,  or  36,000  square 
feet.  The  acre  of  Cornwall  is  160  perches  of  18  feet,  or  51,840 
square  feet.  The  acre  of  Lancashire  is  160  perches  of  21  feet,  or 
70,560  square  feet.  The  acre  of  Cheshire  and  Staffordshire,  is 
160  perches  of  24  feet,  or  92,160  square  feet.  The  acre  of  Wilt- 
shire is  120  perches  of  16^  feet,  or  32,670  square  feet.  The  acre 
in  Scotland  consists  of  10  square  chains,  each  of  74  feet,  and  there- 
fore contains  54,760  square  feet.  The  acre  m  Ireland  is  the 
same  aa  the  Lancashii-e.     The  chain  is  84  feet  long. 

The  liVench  units  of  land-measure  are  the  j4i'e^l00  square 
Metres,  =  0.0247  acre,  ==  one  fortieth  of  an  acre,  nearly ;  and  tha 
fleetoj-e  ^  100  J.)-e3'=  2.47  acres,  or  nearly  two  and  a  half. 
Their  old  land-measures  were  the  "Arpent  of  Pai'is,"  Gontaining 
36,800  square  feet;  and  the  "Arpent  of  Waters  and  Woods," 
containing  55,000  square  feci. 

(58)  When  the  content  of  a  piece  of  land  (obtained  by  any  of 
the  metliods  to  be  explained  presently)  is  given  in  square  links,  aa 
is  customary,  cut  off  four  figures  on  the  right,  (i.  e.  divide  by 
10,000),  to  get  it  Into  square  chains  and  decimal  parts  of  a  chain  j 
cut  off  the  right  hand  figure  of  the  square  chains,  and  the  remain- 
mg  figures  will  be  Acres.  Multiply  the  remainder  by  4,  and  the 
figui-e,  if  any,  outside  of  the  new  decimal  point  iviU  be  Moods. 

*  ]jel  tiie  young   etiidenl,  beware  of   canfonnding  16  square  uhaiiia    witli    JO 
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Multiplj  the  remamdor  by  40,  and  the  outside  figures  vnlX  bo 
PercMs.     The  nearest  round  number  is  usually  talcen  for  the 
Perches ;  fractionis  less  than  a  half  perch  being  disregarded* 
Thus,  86.22  square  chains^  8  Acres   2  Roods   20  Perches. 


Also,  64.1818 

do. 

=  6  A. 

IE. 

27  P. 

"      43.7564 

do. 

=  4  A. 

IE. 

20  P. 

"      71.1055 

do. 

—  7  A. 

OE. 

18  P. 

"      82.50 

do. 

=  8  A. 

IE. 

OP. 

"       8.250 

do. 

=  0  A. 

3E. 

12  P. 

«       0.8260 

do. 

=  0  A. 

OE. 

13  P. 

(59)  The  following  Table  gives  }>j  mere  iuspection  the  Eoods 
and  Perches  corresponding  to  the  Deciina!  parta  of  an  Acre.  It 
explains  itself. 


ROODS. 

Perches, 

0 

1 

2   1   3 

01)0 

'250 

..500 

.750 

+  0 

.006 

.'256 

.606 

.760 

4-  1 

01 « 

'26'^ 

51'^ 

76'2 

4-  2 

.Olli 

.'26i! 

.61 1 

.7611 

+  ! 

.0'2fi 

.'275 

.5'25 

.776 

+  4 

.im 

SRI 

531 

7SI 

4-  6 

.(I.W 

.•2K7 

..537 

.767 

+  6 

s 

.1144 

.'204 

.,544 

.704 

+  7 

OWI 

.3011 

.5511 

,K00 

+  8 

tm 

,300 

5.56 

BOO 

4-  9 

% 

.OOV 

31-; 

,66'2 

«1'2 

4-l( 

.(IB! 

,31 1 

,.561 

K11 

4-11 

n 

,1175 

■m 

.575 

S'25 

4-12 

3 

,0«1 

331 

5H1 

™ 

4-1! 

,(IK7 

,337 

5H7 

,637 

4-1* 

mi 

..144 

.604 

344 

4-15 

1011 

3.50 

60( 

K.5tl 

4-16 

.106 

..H.56 

.606 

,350 

4-17 

.11*2 

.36'2 

.61 '2 

.362 

-I-IS 

111 

,361 

,61 S' 

,H6!) 

4-lE 

.126 

.a75 

.6'25 

,375 

4-20 

„ 

HOOPS, 

Pereliea. 

0 

1 

a 

a 

.1S1 

.:hki 

.(iHl 

.HK1 

--21 

.VA-J 

.m 

mi 

.m 

--22 

A^A 

•m 

MA 

.HH4 

--2J 

,1.M 

AW 

.tih( 

.m\ 

--2^ 

^ht^ 

AW 

,^i5H 

.i)()H 

-.25 

AW 

41'^ 

HW 

,91',^ 

-H26 

t 

.i(i^ 

.41  !i 

.v.m 

-ill  9 

-f.27 

.17.^ 

,4'^i> 

fiVfi 

Am 

+2£ 

a 

.!«] 

.4H1 

.m\ 

.DHl 

+2S 

-ISV 

4:-!V 

mi 

Ml 

-f3( 

.UM 

.44<l 

mA 

.ti44 

-t-31 

'- 

.HIK, 

Ahi 

.701: 

.HMI 

-1-32 

i 

.'m 

.4fili 

,701^ 

.Hf.H 

+3J 

h 

.'21  'J 

.4(i-.> 

.71'.' 

.Hfi'.^ 

-fS^ 

u 

.yu 

.4W 

.711 

.969 

+85 

.'225 

.47  iS 

.7v!h 

.975 

-1-36 

,'2H1 

,4«1 

7H1 

H«l 

+37 

.aw 

.4S7 

7.H7 

,itH7 

+3f 

MAA 

49^ 

74-1 

,VI94 

+31 

.250 

.500 

.750 

1.000 

+40 

(60)  €liain  Correctlffln.     When  a  survey  has  been  made,  and 
the  plat  has  been  drawn,  aiid  the  content  calculated ;  and  after- 
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42  E'UMDAMMTAL  aPEKATIOSS.  [part  j. 

wards  the  chain  is  foiind  to  have  been  incoiTect,  too  short  or  too 
long,  the  true  content  of  the  land,  may  he  found  hy  this  proportion ; 
As  the  square  of  the  length  of  the  standard  given  by  the  incorrect 
chain  7s  to  the  square  of  the  true  length  of  the  standard  So  is  the  cal- 
culated content  To  the  true  content.  Thus,  suppose  that  the  chain 
used  had  been  so  stretched  that  the  standard  distance  measured  by 
it  appears  to  he  only  99  linlcs  long ;  and  that  s,  square  field  had 
been  measured  by  it,  each  side  containing  10  of  these  long  chains, 
and  that  it  had  been  so  platted.  This  plat,  and  therefore  the  con- 
tent calculated  from  it,  mil  be  smaller  than  it  should  be,  and  tlie 
correct  content  Tvill  be  found  by  the  proportion  99=  :  100^  :  :  100 
sq.  chains  :  102.03  square  chains.  If  the  chain  had  been 
stretched  so  as  to  be  101  trite  linlcs  long,  as  found  by  comparing 
it  mth  a  correct  chain,  the  content  would  be  given  by  this  pi-opor- 
tion:  100^  :  101^  : :  100  square  chains  ;  102.01  square  chains. 
In  the  foiTuer  case,  the  elongation  of  the  chain  was  l^V  tnie  links ; 
and  100=  :  (lOl-gV)^  ::  100  square  chains  :  102.08  square 
chains. 

(61)  Baimdary  Lines.  The  luies  which  are  to  be  considered 
as  boundhig  the  land  to  be  surreyed,  are  often  very  uncertain, 
unless  specified  by  the  title  deeds. 

If  the  boundary  be  a  brook,  the  middle  of  it  is  usually  the  boun- 
dary line.  On  tide-waters,  the  land  is  usually  considered  to  extend 
to  low  water  mark. 

Where  hedges  and  ditches  are  the  boundaries  of  fields,  as  ia 
almost  uiuversaHy  the  case  in  England,  the  dividmg  line  ia  gene- 
rally the  top  edge  of  the  ditch  farthest  from  the  hedge,  both  hedge 
and  ditch  belongmg  to  the  field  on  the  hedge  side.  This  vanes, 
however,  with  the  customs  of  the  locality.  From  three  to  six  feet 
irom  the  roots  of  t!ie  quiekwood  of  the  hedges  are  allowed  for  the 
ditches. 
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METHODS   OF   CALCULATION. 
(6§)  The  various  methods  eniployed  in  eabulatlng  the  content 
of  a  piece  of  ground,  may  be  reduced  to  four,  ■which  may  he  called 
Arithmetical,  G-eometrical,  JmtrumerUal,  and  C~  ' 


(63)  FIKS'T  METHOD.— AKITHMETICALLY;  Mwn  direct 
measurements  of  the  necessary  lines  on  tlie  ground. 

The  figioj-es  to  ha  calculated  hj  this  method  may  he  either  the 
shapes  of  the  fields  which  are  measured,  or  those  into  which  the 
fields  can  he  divided  hy  measming  various  lines  across  them. 

The  familiar  rules  of  mensuration  for  the  principal  figures  -which 
oceui-  in  practice,  irill  he  now  hriefly  enunciated. 


(64)  Kectangles.     If  the  piece  of  ground  he  rectangular  in 
hape,  its  content  is  foimd  by  multiplying  ita  length  hy  its  breadth. 


(65)  Triangles.  "When  the  ^ven  quajitities  are  one  side  of  a 
triangle  and  tlie  perpendicular  distance  to  it  from  the  opposite 
angle  ;  the  content  of  the  triangle  is  equal  to  half  the  product  of 
the  side  and  the  perpendicular. 

When  the  given  quantities  are  the  three  Mdes  of  the  tiiangle ; 
add  together  tlie  three  sides  and  divide  the  sum  by  2 ;  from  this 
half  sum  subtract  each  of  the  three  sides  in  turn ;  multiply  toge&er 
the  half  sum  and  the  three  rem^ders ;  take  the  square  root  of  the 
product ;  it  is  the  content  required.  If  tlie  sides  of  the  triangle 
be  designated  hy  a,  b,  e,  and  their  sum  by  s,  this  iiile  mil  ^ve  its 
area=  /[^s  (^s  — a)  (|s  — 5)  (^s  — e)].* 


*  When  two  sides  of  a  trianglp,  Piid  the  iiieludcii 
angle  ara  given,  its  content  eqaak  half  the  protliict 
of  Its  sides  info  the  sine  of  the  incUided  angle.  De- 
signating the  nnsles  of  the  triangle  by  the  capital 
leKeta  A,B,C,  and  the  sides  opposite  ihem  by  the  cor- 
responding 811.611  kttera  a,h,^,  the  avea  =  J  ie  sin.  A. 

WiieB  one  side  of  a  triangle  end  Uie  ai^aoent  an-    ' 
gles  are  given,  its  content  eqnals  the  sqiiave  of  the  given  eide  multiplied  hy  tha 
«inea  of  each  of  the  given  angles,  and  divided  by  twi 
these  angles.     Using  the  sama  symbols  as  before,  the  a 

%Vhen  the  three  angles  of  a  triangle  and  its  altitade  ai 


e  of  the  SI 

ein.B.ain.  0 
3Hn.(B  +  0    , 


;o  tlie  above  figiira,  =  J  BD2  . 
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(66)  Parallelograms ;  or  foi.-ii--sided  figures  whose  opposite 
Bides  are  parallel.  Tlie  content  of  fi  ParallGlogi-am  ei^nala  the 
product  of  one  of  its  sides  by  the  perpendicular  distance  between  it 
and  the  side  parallel  to  it. 

(67)  TrapcZfiMs;  or  four^^ided  figmfls,  in^o  opposite  sides  of 
■which  are  parallel.  The  content  of  a  Trapezoid  e^^uala  half  liie 
pvodnet  of  the  sum  of  the  parallel  sides  hj  the  perpendicular  dis- 
tance between  them. 

If  the  given  quaniitiea  are  the  four  sidea  a,  b,  c,  d,  of  which  h 
and  d  are  parallel ;  then,  maldng  g  =  h  (a  +  5  +  e  —  (?) ,  the  ai-ea 

of  the  trapezoid  will  = 


(88)  Qaadrllaterals,  »r  Trapeziiiius ;  four-sided  figures,  none 
of  whose  Bides  are  parallel. 

A  very  gi^osa  error,  often  committed  as  to  this  figure,  is  to  take 
the  average,  or  half  sum  of  its  opposite  sides,  and  multiply  them 
together  for  the  area :  thus,  assuming  the  trapezium  to  be  equiva- 
lent to  a  rectangle  with  these  averages  for  sides. 

Ill  practical  surveying,  it  is  usual  to  measure  a  Hue  across  it 
from  comer  to  corner,  thus  dividing  it  into  two  triangles,  whose 
sides  are  known,  and  whichcan  therefore  be  calculated  hyArt.(65)-t 

'  When  two  parallel  sMes,  b  and  d,  anil  a  lliird  aide,  a,  are  given,  and  also  the 
angle,  C,  which  this  third  side  mates  with  one  of  the  parallel  sideB,  then  the 
content  of  the  trapezoid^'— ilS  .  a .  aia.  0. 

i  When  (wo  opposzte  aides,  and  all  t'lB  angles  are  gimn,  take  one  side  and  ita_  ad- 
jacent aJisles,  (or  their  snpplements,  when  their  anui  exceeds  180°),  consider 
them  as  belonging  to  a  tnangle,  and  find  its  area  by  the  second  formula  ia  the 
note  on  page  43.  Do  tha  aame  with  the  other  side  and  its  adjacent  angles.  The 
difference  of  the  two  areas  will  be  the  area  of  the  qnadrilateral. 

When  three  sides  and  tiarfvmiaduded  angles  are  given,  multiply  together  the  sina 
of  one  given  angle  and  its  adjacent  aidea.  Do  the  same  with  the  akie  of  the  other 
given  angle  and  its  adjacent' sides.  Multiply  together  the  two  opposite  sidea  and 
theBiaeofthesupplement  of  the  anm  of  the  given  angles,  Add  together  iho  first 
two  pioduota,  and  add  also  the  last  product,  if  the  sum  of  the  given  angles  i» 
more  than  180°,  or  sabtvaet  it  if  this  Bum  be  less,  and  take  half  the  result.  Call- 
ing the  given  sides,  p,  q,  r;  and  the  angle  between  p  and  g  t=  A  ;  and  the  angle 
between  g  and  p  =  B  ;  the  area  of  the  quadrilateral 

=  |[j..g.sin.A  +  g.r.Bia.B  ^  j.  . r  .  sin.  (180°  -  A  - B)]. 
When  the  four  tides  and  &e  ium  of  aog  iiao  opposite  angles  are  given,  proceed 
Cliua !  Take  half  the  sum  of  the  four  given  aides,  and  from  it  BHhti'act  each  side 
in  tarn  Multiply  together  the  four  remainders,  and  reserve  the  product.  Mul- 
tiply together  the  four  sides.  Tate  half  their  product,  and  multiply  it  by  the 
Bjaiue  of  tne  given  sum  of  the  angles  increased  by  unity.     Regard  the  sign  of 
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(69)  Surfaces  hounded  ly  irregularly  curved  lines.  The  rules 
for  tliese  will  be  more  appropriately  given  in  connection  witli  the 
surveys  wliich  measm'C  the  necessary  lines ;  as  explained  in  Part 
II,  Chap.  III. 

(?»)  SECOND  METHOD.— ffiEffiMEIMCAIiiY.  From  mea- 
surements of  Hie  necessary  lines  upon  the  plat. 

(71)  DiTisittii  lEto  Triangles.  The  plat  of  a  piece  of  ground 
having  heen  drawn  from  the  measurements  made  by  any  of  tlie 
metliods  which  will  he  hereafter  explamed,  hnes  maj  he  drawn 
upon  the  plat  so  as  to  divide  it  into  a  number  of  ti'iangles.    Four 

fig.  33.  Fig.  33. 


ways  of  doing  this  are  shown  in  the  figures :  via.  by  drawing  lines 
from  one  comer  to  the  other  comers ;  from  a  point  in  one  of  the 
sides  to  the  corners ;  from  a  point  inside  of  the  figure  to  the  cor- 
ners ;  and  fi.'om  various  comers  to  other  comers.  The  last  method 
is  usually  the  best.  The  lines  ought  to  be  drawn  so  as  to  malte 
the  triangles  as  nearly  equilateral  as  possible,  for  the  reasons  given 
in  Part  Y. 

One  side  of  each  of  these  triangles,  and  the  length  of  the  per- 
pendicular let  fall  upon  it,  being  then  measured,  aa  directed  in 
Art.  (iS,)  the  content  of  these  triangles  can  be  at  once  obtamed 
by  multiplying  their  base  by  their  altitude,  and  dividing  by  two. 

The  easiest  method  of  getting  the  length  of  the  perpendiculai-, 
without  actually  drawing  it,  is,  to  set  one  point  of  the  dividers 
at  the  angle  from  which  a  perpendicular  is  to  be  let  fall,  and  to 

the  cosine.  Subtract  this  product  fiom.  the  reaerred  prodncl;,  and  take  the  square 
voot  of  the  remainder.    I6  will  be  tlie  area  of  the  quadrilateral. 

When  the  fonr  tides,  and  (fta  angle  of  mteraectiati  of  ike  diagonals  ^  ike  qaadT&if 
teral  are  givstij  squnre  eacli  aide;  add  together  the  equarea  of  the  opposite 
sidea  ;  take  the  diSet-euce  of  the  two  turns ;  mi:i[tipl7  it  by  the  tangent  of  the 
angle  of  intersection,  and  divide  by  four.     The  qnotient  will  be  the  area. 

When  ike  diaeonah  of  ike  quodrilaleral,  and  iheir  included  angle  are  gimai,  laal- 
tiply  together  the  twn  diagonals  and  the  sine  of  their  included  angle,  and 
divide  iiy  two.     The  quotient  will  be  the  area. 
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open  and  skit  thcii-  logs  till  an  arc  described  by  tli6  otiier  point 
mil  just  touch  the  opposite  side. 

Otherwise ;  a  platting  scale,  (described  m  Art,  ([49)  may  be 
placed  so  tiiat  the  zero  pomt  of  its  edge  coincides  with  the  angle, 
and  one  of  ita  cross  lines  coincides  with  tJie  side  to  which  a  perpen- 
dicular is  to  be  drawn.  The  length  of  the  perpendicular  can  then 
at  once  he  read  off. 

The  method  of  dividing  the  pkt  into  triEtngles  is  the  one  moet 
commonly  employed  by  surveyors  for  obtaming  the  content  of  a 
survey,  because  of  tbe  simplicity  of  the  calculations  required.  Its 
correctness,  however,  is  dependant  on  the  accuracy  of  the  plat, 
and  on  its  scale,  -which  should  be  as  large  as  possible.  Three 
chains  to  an  inch  is  the  smallest  scale  allowed  hy  the  English 
Tithe  Oonunissionera  for  plats  from  which  the  content  is  to  be 
determined. 

In  calculating  in  this  way  the  content  of  a  farm,  and  also  of  its 
separate  fields,  the  sum  of  the  latter  ought  to  equal  the  former. 
A  difference  of  one  three-hundredth  (355)  is  considered  allowable. 

Some  surveyors  measure  the  perpendiculars  of  the  triangles  by 
a  scale  half  of  that  to  which  the  plat  is  made.  Thus,  if  the  scale 
of  the  plat  be  2  chains  to  the  inch,  the  periieadiculais  are  mea- 
sured with  a  scale  of  one  chain  to  the  inch.  The  product  of  the 
base  by  the  perpendicular  thus  measured,  ^ves  the  area  of  the 
triangle  at  once,  without  its  requiring  to  he  divided  by  two. 

Another  way  of  attaining  the  same  end,  with  less  danger  of  mis- 
takes,  is,  to  construct  a  nmi  scale  of  equal  parts,  longer  tlian  those 
by  which  the  plat  was  made  in  the  ratio  V2:l;  or  1.414:1. 
When  the  base  and  perpendicular  of  a  triangle  are  measured  by 
this  new  scale  and  then  multiplied  together,  the  product  wiJl  he 
the  content  of  the  triangle,  without  any  division  hy  two.  In  this 
method  there  is  the  additional  advantage  of  the  greater  size  and 
consequent  greater  distiactneas  of  the  scale. 

When  the  measurement  of  a  plat  is  made  some  time  after  it  haa 
been  drawn,  the  paper  will  very  probably  have  contracted  or 
expanded  so  that  the  scale  used  will  not  exactly  apply.  In  that 
case  a  correction  is  necessary.  Measure  very  precisely  the  present 
length  of  some  lino  on  the  plat,  of  known  length  originally.     Then 
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make  thia  proportion ;  As  the  Bcjuare  of  the  preeeat  length  of  this 
line  is  to  the  square  of  its  oii^al  length,  So  is  the  content  obtain 
ed  by  the  present  measurement  To  the  tme  content. 

(73)  Cfraphiaal  MdUplication.  Prepare  a  strip  of  draiving 
paper,  of  a  iviclth  exactly  equal  to  two  chains  on  the  scale  of  the 
plat ;  i.  e.  one  inch  wide,  aa  in  the  figure,  for  a  scaJe  of  two  chains 
to  1  inch  ;  two-thirda  of  an  inch  wide  for  a  scale  of  3  chains  ;  half 
aa  inch  for  4  chains  ;  and  so  on.  Draw  perpendicular  lines  across 
the  paper  at  distances  representing  one-tenth  of  a  chain  on  the  scale 
of  the  triangle  to  be  measured,  tliug  making  a  platting  scale.  Apply 
it  to  the  triangle  bo  that  one  edge  of  the  scale  shall  pass  through 
one  comer.  A,  of  the  triangle,  and  the  other  edge  through  another 


comer,  ]3 ;  and  note  very  precisely  what  divisions  of  the  scale  are 
at  these  points.  Then  slide  the  scale  in  auch  a  way  that  the 
points  of  the  scale  -which  had  coincided  with  A  and  B,  shall  always 
remain  on  the  line  BA  produced,  tiQ  ^e  edge  arrives  at  Sie  point 
C.  Then  will  A'O,  that  is,  the  distance,  or  number  of  diYisions  on 
the  scale,  from  the  point  to  which  the  division  A  on  the  scale  has 
arrived,  to  the  third  comer  of  the  triangle,  express  the  area  of  the 
triangle  ABC  in  square  chains.* 

"For,  fi-om  0  draw  a  pavBllel  to  AB,  meeting  tlis  edge  of  the  scale  in  C'j  and 
draw  C'B,  Then  the  given  triangle  ABC  =  ABC.  Btit  the  area  of  this  last 
triangle=  AC  mnlliplied  by  half  the  width  of  the  scale,  i.e.  =AC'  X  I  =  AC. 
But,  because  iif  ihe  parallels,  A'O  =  AC,  Therefore  llie  area  of  ibe  given  ti-JEn- 
gle  ABC  =  A'O  i.  e.  it  is  equal  in  aqiiare  chains  to  the  unmber  of  linear  ch^m 
read  off  fram  the  scale.   Thia  ingenious  operation  is  dae  to  M.  Causmery. 
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(T3)  BivisittE  into  Trapczdids.    A  line  may  be  drawn  aerosa 
the  field,  as  in  Fig.  36,  and  perpen-  Fig.  36. 

dicolai-s  drawn  to  it.     The  field  will 
thus  be  divided  into  trapezoids,  (ex-  _ 
cepfing    a   triangle    at    eacb    end), 
ajid  tlieij"  content  can  be  calculated 
by  Art.  (67). 

Otherwise ;  a  line  may  be  drawn 
outside  of  the  figure,  and  per- 
pendiculara  to  it  be  drawn  from 
each  angle.  In  that  case  the 
difference  between  the  trapezoids 
foi-med  by  lines  drawn  to  the 
outer  angles  of  the  figure,  and 
(Jiose  drawn  to  the  inner  angles, 
will  be  the  contest. 

This  method  is  very  advantageously  applied  to  surveys  by  the 
;  as  will  be  explained  in  Part  III,  Chap.  VI. 


(74)  Division  into  Squares.  Two  sets  of  parallel  Hnes,  at 
right  angles  to  each  other,  p;„^  gg 

one  chain  apart  (to  tlie  scale 
of  the  plat)  may  be  drawn 
over  the  plat,  so  as  to  divide 
it  into  squares,  as  in  the 
figure.  The  number  of 
squares  which  fall  within  the 
pUt  represent  so  many  square 
chaim ;  and  the  triangles  and 
trapezoids  which  fait  outside 
of  these,  may  then  be  calcu- 
latecL  and  added  to  tlie  entire  square  chains  which  have  been 
counted. 

Instead  of  drawiig  the  parallel  lines  on  the  plat,  they  may  bet- 
ter be  drawn  on  a  piece  of  transparent  "  tracing  paper,"  which  is 
amply  laid  upon  the  plat,  and  the  squares  counted  as  before.     The 
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same  paper  -wiU  answer  for  any  niunber  of  plats  drawn  to  tlie  same 
scale.  This  method  is  a  valuable  and  easy  check  on  the  reeulta  of 
other  calculations. 

To  calculate  the  fractional  parts,  prepare  a  piece  of  tracing 
paper,  or  horn,  by  drawing  on  it  one  sc^uare  of  the  same  size  as  a 
square  of  the  plat,  and  subdividing  it,  by  two  sets  of  t«n  parallels  at 
right  angles  to  each  other,  into  hundredtlia.  This  will  measure  the 
fractions  remaming  from  the  fonner  measurement,  aa  nearly  as  can 
be  desired. 

(75)  Division  into  Para!!clft§rams.  Draw  a  series  of  paral- 
lel lines  across  the  plat  at  equal  distances  depending  on  the  scale. 
Thus,  for  a  plafc  made  to  a  scale  of  2  chains  to  1  inch,  the  distance 
between  the  pai'allels  should  be  2^  inches ;  for  a  scale  of  3  chains 
to  1  inch,  1^  inch ;  for  a  scale  of  4  chains  to  1  inch,  |[  inch ;  for 
a  scale  of  5  chains  to  1  inch,  y'g-  mch ;  and  for  any  scale,  make  the 
distance  between  the  parallels  that  fraction  of  an  inch  which  woiild 
be  expressed  by  10  divided  by  tlie  square  of  the  nmnber  of  chains 
to  tlie  inch.  Then  apply  a  common  inch  scale,  divided  on  the 
edge  into  tenths,  to  these  parallels ;  and  every  inch  in  length  of 
the  spaces  included  between  each  pah-  of  them  will  bo  an  acre,  and 
every  tenth  of  aji  inch  will  be  a  square  chain.* 

To  measure  the  triangles  at  the  ends  of  the  strips  between  the 
parallels,  prepare  a  piece  of  transparent  horn,  or  stout  tracmg 
paper,  of  a  ividth  equal  to  the  width  between  the  parallels,  and 
draw  a  line  through  its  middle  lon^tudinaUy.  Apply  it  to  the 
oblique  line  at  the  end  of  the  space  between 
two  parallels,  and  it  vfill  bisect  the  line,  and 
thus  reduce  the  triangle  to  an  equivalent 
rectangle,  as  at  A  in  the  figure.  When  an 
angle  occurs  between  two  parallels,  as  at  B 
in  tho  figure,  the  fractional  part  may  be. 
measured  by  any  of  the  preceding  metliods, 

*  For,  calling  Ite  immber  of  chains  lo  the  inch,  =>  n,  and  maldug  tlic  wiJlli  lie 
Iweon  the  parallels  —r-  inch,  this  width  will  repveseut  -^-  X  "  ^  — chains  ;  and 
a«  the  inch  length  repcesentan  chains,  their  product, —  X  n=3  10  eqnare  ohaini 
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A  somewhat  similar  method  is  mach  used  bj  some  surveyoj-s, 
particularly  in  Ireland :  the  plat  bemg  made  on  a  aesile  of  5  chains 
to  1  inch,  parallel  lines  being  drawn  on  it,  half  an  inch  apart,  and 
the  distances  along  the  parallels  being  measured  hj  a  scale,  each 
large  division  of  which  is  xV  inch  in  length.  Each  division  of  this 
scale  indicates  an  acre ;  for  it  represents  4  chains,  and  the  distance 
between  the  parallels  ia  2  J  chains.  This  scale  is  called  the  "  Scale 
of  Acres."'' 

(76)  Addition  of  Widtlis.  \Yhen  ttie  lines  of  tlic  plat  are  veiy 
irregulai-ly  curved,  as  in  tlie  rig.  40. 

figure,  draw  across  it  a  num- 
ber of  equi-distant  lines  aa  near 
together  as  the  case  may  seem 
to  require.  Take  a  straighir 
edged  piece  of  paper,  and  apply  one  edge  of  it  to  the  middle  of 
tie  first  space,  and  mark  its  length  from  one  end ;  apply  the  same 
edge  to  the  middle  of  tlie  nest  space,  bringing  the  mark  just  made 
to  one  end,  and  making  another  mark  at  tlie  end  of  the  additional 
length ;  so  go  on,  adding  the  length  of  each  space  to  the  previous 
ones.  When  all  have  been  thus  measured,  the  total  length,  mul- 
tiplied by  the  uniform  mdth,  ^yIU  give  the  content. 

(77)  THIBD  METHOD.— IKSTK5IMMTALLY.  £i/ /leiform- 
inj  certain  initrt'meritid  ojjemtioiis  on  thcjjl'it. 

(IS)  Seduction  of  a  many  ikied  figure  to  a  single  equivalent 
inungle.  Any  plane  figure  bounded  by  straight  lines  may  be 
reduced  to  a  single  triangle,  which  shall  have  tlie  same  content. 
This  can  be  done  by  any  instrument  for  drawbg  parallel  lines, 
such  as  those  described  in  Art.  Fig.  4i. 

(S9).  Let  the  trapeaimn,  or 
four  sided  figure,  shown  in  Fig. 
41,  be  required  to  be  reduced 
to  a  single  equivalent  triangle. 
Produce  one  side  of  the  figure, 

aa  4 1.     Draw  a  lino  from 

the  first  to  the  thii-d  angle  of 
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the  figure.  From  the  second  anglo  draw  a  parallel  to  the  liae  just 
drawn,  cutting  tho  produced  side  in  a  point  1'.  Prom  the  point  1' 
draw  a  line  to  the  third  angle.  A  triangle  (1'  —  3  —  4  in  the 
figure)  will  thua  he  formed,  -which  -(v-ill  be  equivalent  to  the  original 
trapezium.* 

The  content  of  this  final  triangle  can  then  be  found  hy  measur- 
ing its  perpendicular,  and  taking  half  the  product  of  this  perpendi- 
cular by  the  base,  aa  in  the  first  paragraph  of  Art.  (6$). 

(J9)  Let  the  given  figure  have  five  sides,  as  in  Fig.  42.  For 
brevity,  the  angles 
of  the  figure  will  be 
named  as  numbered 
in  the  engraving. 
Produce  5  —  1. 
Join  1  —  3,  From 
2  draw  a  paraUel  to 
1  —  3,  cutting  the 
produced  base  in  1'.  Join  1'  —  4.  From  3  draw  a  parallel  to  it, 
cutthig  the  base  in  2'.  Joui  2'  —  4.  Then  will  the  triangle 
2' — 4 — 5  be  equivalent  to  the  five  sided  figure  1 — 2 — 3 — 4 — 5, 
for  similar  reasons  to  those  of  the  preceding  case. 


(80)  Let  the  given  figure  he  1  —  2—3—4—5  —  6—7  —  8, 
as  shown  in  Fig.  43,  given  at  the  top  of  the  follomng  page.  All 
the  operations  are  shown  by  dotted  lines,  and  the  finally  resulting 
triangle  5' — 7 — 8,  is  equivalent  to  the  original  figure  of  eight 
sides. 

It  is  best,  in  choosing  the  side  to  be  produced,  to  take  one  which 
has  a  long  side  adjoining  it  on  the  end  not  produced ;  so  that  this 
long  side  may  form  one  side  of  the  final  tria,ngle,  the  base  of  which 
^vill  therefore  be  shorter,  and  will  not  be  cut  so  acutely  by  the 
final  line  drawn,  as  to  make  the  pomt  of  intersection  too  indefinite. 


parallel  to  the  bas' 
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(81)  d-eneral  Mule.  "When  tlie  given  figure  has  many  sides, 
yn&.  angles  somefeoea  salient  and  sometimes  re-entering,  the  opera- 
tions of  rednction  are  very  liable  to  errors,  if  the  draftsman  attempt? 
to  reason  out  each  step.  All  difficulties,  however,  will  be  removed 
by  the  following  Cfeneral  Rule : 

1.  Produce  one  side  of  the  figure,  and  call  it  a  hase.  Call  one 
of  the  angles  at  the  base  the  first  angle,  and  number  the  rest  in 
regular  suecessioE  around  the  figure. 

2.  Draw  a  line  from  the  1st  angle  to  the  3d  angle.  Draw  a 
parallel  to  it  from  the  2d  angle.  Call  the  intersections  of  this 
parallel  with  the  base  the  1st  mark. 

3.  Draw  a  line  from  tlie  1st  mark  to  the  4th  angle.  Draw  a 
parallel  to  it  from  the  3d  angle.  Its  intersection  with  the  base  is 
the  2d  mark. 

4.  Draw  a  line  from  the  2d  mark  to  the  5th  angle.  Draw  a 
parallel  to  it  from  the  4th  angle.  Its  intersection  witli  the  base  ia 
tiie  §d  mark. 

5.  In  general  terms,  which  apply  to  every  step  after  the  first, 
draw  a  line  from  the  last  mark  obtained  to  the  angle  whose  number 
is  greater  by  three  than  the  number  of  the  mark.  Draw  a  parallel 
to  it  through  the  angle  whose  number  ia  greater  by  two  than  that 
of  tlie  mai-k.  Its  interaecticm  with  the  h^e  will  be  a  mark  whose 
number  is  greater  by  one  than  that  of  the  precedmg  mark.* 
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6.  Repeat  this  process  for  each  angle,  till  you  get  a  mark  ii'hose 
number  is  auch  that  tho  angle  having  a  number  greater  by  three  is 
the  last  angle  of  the  figure,  i.  e.  the  angle  at  the  other  end  of  the 
base.  Then  join  the  last  mark  to  the  angle  which  precedes  the 
last  ajigle  iti  the  figure,  and  the  triangle  thus  formed  will  bo  the 
equivalent  triangle  required. 

In  practice  it  is  v/nneceasary  to  aetaallj  draw  the  lines  joining 
the  SneceSMve  angles  and  mai'ka,  Wt  tlie  paralleJ  rulei.'  is  moi-cly 
Itrid  on  so  as  to  pass  through  them,  and  tlic  points  where  the 
parallels  cut  the  base  are  alone  marked. 


(82)  It  ia  generally  more  convenient,  for  the  reasons  given  at 
the  end  of  Art.  (80),  to  reduce  ^  ^'?,-  ^i- 

half  of  the  figure  on  one  side  and 
half  on  the  other,  as  is  shown  in 
Fig.  44,  which  represents  the  same 
field  as  I'ig.  42.  ITie  equivalent 
triangle  ia  here  1' — 8 — 2'. 

\VTien  the  figure  has  many  angles, 
they  should  not  bo  numbered  con-    y— 
secuiively  all  the  way  around,  but,  atler  the  numbers  have  gone 
around  as  far  aa  the  angle  where  it  is  intended  to  have  the  vertex 


of  the  final  triangle,  the  numbors  should  bo  continued  from  I 
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otiter  angle  of  the  base,  as  is  slioivu  in  Kg.  45.     Xn  it  only  tl 
int«rsectiona  are  marked.* 


(83)  It  is  sometimes  more  convenient,  not  to  produce  one  of 
the  sides  of  the  figure,  but  to  draw  at  oeq  end  of  it,  as  at  the  poini 
1  in  Fig.  46,  an  indefinite  line,  usually  a  perpendicular  to  a  lino 


joining  two  distant 
of  the  equivalent 
dotted  lines  in  tlie  fig 
as  to  the  previous  figi 


;les  of  the  figure,  and  make  this  fine  the  base 
desired.  The  operation  is  ehoviH  by  the 
The  same  General  Rule  applies  to  it, 


(84)  §|.>ccial  InstrumcEltg.  A  variety  of  instruments  have 
been  invented  for  the  purpose  of  determining  areas  rapidly  and 
correctly.  One  of  the  simplest  is  the  "  Qomputing  Scale,"  which 
is  on  the  same  principles  as  the  Method  of  Art.  (JS).  It  is  repre- 
sented in  Iiig.  47,  ^ven  on  the  following  page.  It  coa=!ists  of  a 
sc-ile  divided  fci  ita  -whole  length  fiom  the  zero  p>int  nito 
dmsiona,  each  repiesenting  2^  chau  s  to  tho  <*cale  r{  the  jht 
The  scale  cirries  a  shder,  which  mo^e^  abng  it  and  h^  a 
wire  diiwn  acioss  ita  centre  at  iight  angles  to  the  edges  of  the 
"cale  On  each  side  of  this  -n  ire,  a  portion  ot  the  shdei  ejual 
in  length  to  one  of  the  primary,  or  2  J  chtdn,  divisions  of  tlie  scale, 
is  laid  off  and  divided  into  40  equal  parts. 

This  instrument  is  used  in  connection  with  a  sheet  of  transpa- 
rent paper,  ruled  with  parallel  lines  at  distances  apart  each  equal 
to  one  chain  on  tho  Bcalo  of  the  plat-    It  is  plain,  that  when  the 


*  A.  figure  with  curved  boiindaiiea  may  be  reduced  to  a  tiiargls  in  a  similar 
maimer.  Straight  linea  mast  be  dnwu  aboat  the  figure,  bo  aa  to  be  partly  iu  it 
and  partly  out,  givina  and  fating  al)oiit  equal  quantities,  so  that  the  figure  which 
these  lines  form,  shall  be  about  equivalent  to  the  curved  figure.  This  having 
been  done,  ea  will  be  further  developed  in  Ai't.  (124),  the  equivalent etraighl 
lined  figure  is  reduced  by  tho  above  method. 
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iiisfcrament  is  laid  on  this  paper,  Tvitli  its  edge  on  one  of  the  ^-  ^^ 
parallel  lines,  and  the  slider  is  moved  over  one  o£  the  divi- 
Bions  of  2^  chains,  that  one  rood,  or  a  quarter  of  an  acre, 
has  heen  measured  between  two  of  the  parallel  linss  on  the 
paper  (since  10  square  chains  make  one  acre) ;  and  that 
one  of  the  smaller  divisions  measures  one  perch  between 
the  same  paralle!^.  Four  of  the  larger  divisions  give 
one  acre.  The  scale  is  generajly  made  long  enough  tfl 
measure  at  once  five  acres. 

To  apply  ttus  to  the  plat  of  a  Seld,  or  farm,  lay  &e 
transparent  paper  over  it  in  such  a  position  that  two  of 
the  ruled  lines  shall  touch  two  of  the  exterior  points  of 
tlie  boundarries,  as  j-ig.  43. 

at  A  and  E.    Lay  ^ 

the  scale,  -with  the  Z___l?^^ 

elide  set  to  zero,  y  '^L 

on  the  paper,  in  a 

direction   parallel 

to  tlie  ruled  lines, 

and    BO  that    the 

wire  of  the  slide 

cuts  the  left  hand 

oblique  lino  SO  as 

to  make  the  spaces  0  and  d  aboiit  equal.     Hold  the 

scale  firm,  and  move  the  slider  till  the  wire  cuts  the 

right  hand  oblique  line  in  such  a  way  as  to  equalize  the 

spaces   e  and  /.     Without  changing  the  slide,  move 

the  scale  down  the  width  of  a  space,  and  to  tlie  left 

hand  end  of  the  next  space ;  be^n  there  again,  and  proceed  as 

before. 

So  go  on,  till  the  whole  length  of  the  scale  is  run  out,  (five  acres 
hamg  been  measured),  and  then  begin  at  the  right  hand  side  and 
work  backwards  to  the  left,  reading  the  lower  divisions,  which  run 
up  to  10  acres.  By  continuing  this  process,  the  content  of  plata 
of  any  size  can  be  obtained. 

A  still  simpler  substitute  for  this  is  a  scale  similarly  divided,  but 
without  an  attached  elide.    In  piaoe  of  it  there  is  used  a  piece  of 
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horn  having  a  line  drawn  aci-oss  it  and  rivetted  to  thn  end  of  a 
short  scale  of  box-wood,  divided  like  the  formei  shde  It  w  used 
like  the  former,  except  that  at  starting,  the  aeio  rf  the  ''hort  scale 
and  not  the  line  on  the  horn  is  made  to  coincide  with  the  zeio  of 
the  long  scale.  The  shde  is  to  be  held  fast  to  the  m^tinment  when 
this  IB  moved. 

The  Pediometer  m  another  less  simple  instrument  u  p1  t  i  the 
same  object.    It  measures  any  (juadrilateral  diieetl^ 

(85)  Some  very  complicated  instruments  for  the  same  ohject 
have  heen  devised.  One  of  them,  Sang's  Planomtta ,  deteimmea 
the  area  of  any  figure,  by  merely  mo™g  a  pomt  aiound  the  out- 
line of  the  snrfiice.  This  causes  motion  in  a  tram  of  i^heel  T\oik, 
which  renters  the  algebraic  sum  of  the  product  of  ordmites  to 
every  point  in  tliat  perimeter,  by  the  increment  of  then:  absciosaa, 
and  therefore  measures  the  included  space. 

Instruments  of  this  kind  have  been  invented  m  Oenmny  by 
Ernst,  Hansen,  and  Wetli. 

(86)  A  purely  mechanical  means  of  determining  tlie  area  of 
any  surface  by  means  of  its  weight,  may  be  placed  here.  The  plat 
is  cut  out  of  paper  and  weighed  by  a  delicate  balance.  The 
weight  of  a  rectangular  piece  of  the  same  paper  containing  just  one 
acre  is  also  found;  and  the  "Rule  of  Three"  gives  the  content. 
A  modification  of  this  is  to  paste  a  tracing  of  the  plat  on  thin  sheet 
load,  cut  out  the  lead  to  tlie  proper  lines  and  weigh  it. 

(87)  FOURTH  i^IETIIOD.— TKIGOHOMETMCALM.  By  cal 
cuiating,  from  the  observed  angles  of  the  boundaries  of  the  ^ieoe 
ofgromid^the  lengthsofthe  lines  needed  for  calculating  the  content. 

This  method  is  employed  for  surveys  made  with  angular  instru- 
ments, as  the  compass,  &€.,  in  order  to  obtain  the  content  of  the 
land  surveyed,  without  the  necessity  of  previously  making  a  plat, 
thus  avoiding  both  that  trouble  and  the  inaccm-acy  of  any  calcula^ 
Hons  founded  upon  it.  It  is  therefore  the  most  accurate  method ; 
hut  will  be  more  appropriately  explauied  in  Part  IH,  Chapter  VI, 
under  the  head  of  "  Compass  Surveying," 
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PART  II. 

CHAIN-SURVEYING  ; 

By  the  First  and  Second  Meth/fds  : 

OR 

DIAGONAL  AND  PERPEPJDICULAR  SURVEYING, 

(§8)  The  chain  alone  is  abimdantly  sufficient,  ivithout  the  aid 
of  any  other  instrument,  for  making  an  accurate  survey  of  any 
surface,  whatever  its  shape  or  aize,  particularly  in  a  district  tolera- 
bly level  and  clear.  Moreover,  since  a  chain,  or  some  siihstitnte 
for  it,  formed  of  a  rope,  of  leather  driving  reins,  &c.,  can  he 
obtained  by  any  one  in  the  most  secluded  place,  this  method  of 
Surveying  deserves  more  attention  than  has  iisnall/  been  given  to 
it  in  this  country.  It  will,  therefore,  bo  fully  developed  in  the 
following  chapters. 


OR 

By  the  Mrst  Method. 
(89)  iSiirvet/ing  iy  Biagonah  is  an  application  of  the  First 
Method  of  determining  the  position  of  a  pomt,  given  in  Art.  (3,)  to 
which  the  student  ehonld  again  refer.  Each  comer  of  the  field  or 
farm  which  is  to  be  surveyed  is  "  determined"  by  measuring  ite 
distances  from  tivo  other  points.  The  field  is  then  "platted" 
by  repeatmg  this  process  on  paper,  for  each  corner,  in  a  conti'ary 
order,  and  the  "  content "  is  obtained  by  some  of  the  methoda 
explained  in  Chapter  IV  of  Paxt  I. 
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The  liaes  ivliieh  are  measured  in  order  to  deterimne  the  cor- 
ners of  the  field  are  usually  sides  and  diat/onols  of  the  irregular 
polygon  which  is  to  be  aui-veyed.  They  theiefore  divide  it  up 
into  triangles ;  whence  this  mode  of  surveying  b  sometimea  call' 
ed  "  Chain  TriangnlatJoa." 

A  few  examples  will  make  the  principle  and  practice  perfecfcl;; 
cieaa:.  Each  will  be  seen  to  requii-e  the  three  operations  of  measur- 
ing, 'plaiting,  and  calculating. 

(M)  A  threc-sldcd  field ;  as  Fig.  49.  Fig-  «^ 

Melipieork.  Measure  the  three  aides, 
AB,  BC,  laid  CA.  Measure  also,  as  a 
proof!ine,tiie  distance  from  one  of  the  cor- 
ners, as  C,  to  some  pomt  in  the  opposite  side,  as  I),  at  wluch  a 
mark  should  have  heen  left,  when  measming  from  A  to  B,  at  a 
known  distance  fi-om  A.  A  stick  or  twig,  with  a  slit  in  its  top,  to 
receive  a  piece  of  paper  with  the  distance  from  A  marked  on  it, 
is  the  most  convenient  mark. 

Platting.  Choose  a  suitable  scale  as  directed  in  Art.  (4J). 
Then,  by  Arts.  (42)  and  (49),  draw  a  line  equal  in  longbh,  on  the 
chosen  scale,  to  one  of  the  sides ;  AB  for  example.  Take  in  the 
compasses  the  length  of  another  side  as  AC,  to  the  same  scale, 
and  with  one  leg  in  A  as  a  centre,  descnbe  an  aj'C  of  a  circle. 
Take  the  length  of  the  tiiird  side  BC,  and  with  B  as  a  centre, 
describe  another  arc,  intersecting  the  first  arc  in  a  point  which  will 
be  the  third  comer  C.  Draw  the  lines  AC  and  BO ;  and  ABO 
will  be  the  plat,  or  miniature  copy  —  as  explained  in  Art.  (35)~ 
of  the  field  sun'eyed. 

Instead  of  describing  two  arcs  to  get  the  point  C,  two  pairs  of 
compasses  may  be  conveniently  used.  Open  them  to  the  lengths, 
respectively,  of  the  last  two  sides.  Put  one  foot  of  each  at  the 
ends  of  the  first  side,  and  bring  their  other  feet  together,  and  their 
point  of  meeting  will  mark  the  desired  third  point  of  the  triangle. 

To  "prove"  the  a-ccuracy  of  the  work,  fix  the  pomt  D,  byesttJng 
off  from  A  the  proper  distance,  and  measure  the  length  of  the  line 
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DC,  by  Art.  (43).     If  its  length  on  the  plat  corresponds  to  ita 
measurement  on  the  ground,  the  woik  ia  coiiect  * 

Calculation,  The  content  of  the  field  may  now  be  found  aa 
directed  in  Art.  (65),  either  from  the  three  sides,  or  more  easily 
though  not  80  aficuraiely,  by  measuring  on  the  plat,  hy  Art.  (43), 
the  length  of  the  perpendicular  CE,  let  fall  from  any  angle  to  the 
opposite  side,  and  taking  half  the  product  of  these  two  lines. 

Mxample  1.  Figure  49,  is  the  plat,  on  a  scale  of  two  chaaaa 
k.  one  inch,  of  a  field,  of  which  the  side  AB  is  200  Imks,  BC  ia 
100  links,  and  AO  ia  150  links.  Its  content  by  the  rule  of  Art. 
(65),  is  0.726  of  a  square  chain,  or  OA.  OR.  12P.  If  the  perpen- 
dicular OE  be  accurately  measured,  it  will  ho  found  to  be  72^ 
links.  Half  the  product  of  this  perpendicular  \ij  the  base  will  be 
found  to  ^ve  the  same  content. 

Mx.  2.  The  three  sides  of  a  triangular  field  are  respectively 
89.39,  54.08,  and  45.98.     Required  ita  content. 

Ans.    lOOA.  OR.  lOP. 


(91)  A  four-sided  UU\ 

as  Bg.  60. 

Meld^ork.  Measure  the 
four  sides.  Measure  also 
a  diagonal,  as  AC,  thus  di- 
viding the  four-sided  field 
into  two  triangles.  Mea- 
sure also  the  other  diagonal,  or  BD,  for  a  "  Proof  line." 

Platting.  Draw  a  line,  as  AC,  equal  in  length  to  the  diagonal, 
to  any  scale,  by  Arts.  (i2)  and  (!S).  On  each  side  of  it,  con- 
struct a  triangle  with  the  sides  of  the  field,  as  directed  in  the  pre- 
ceding article. 

To  prove  the  accuracy  of  the  work,  measure  on  the  plat  the 
length  of  the  "  proof  hue,"  BD,  by  Art.  (43),  and  if  it  agrees 
with  the  length  of  the  same  line  measured  on  the  ground,  the  field 
work  and  platting  are  both  proved  to  be  correct. 

*  It  ia  a  universal  principle  in  al!  surveying  operations,  thai  the  work  must  be 
lested  by  some  means  independent  of  the  origionl  pvoeeaa,  and  that  the  game  re- 
enlt  most  be  Bri-ivsd  at  by  two  diffevpiit  raethodB.  The  necessary  Ien°lh  of  Ihia 
proof  line  can  ulso  easily  be  calculated  by  the  piinciplea  of  Trigonoaietrs'. 
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Calculation.  Find  the  content  of  each  triangle  &i>parately,  as 
in  the  preceding  ease,  and  add  them  together ;  or,  more  briefly, 
multiply  either  diagonal  (the  longer  one  is  preferable)  hy  the  sum 
of  the  two  perpendiculars,  and  divide  the  i,roduct  by  two. 

Otherwise :  reduce  the  four-sided  figure  to  one  triangle  as  in 
Art.  (78)  ;  or,  use  any  of  the  methocis  of  the  preceding  chapter. 

Example  8.  In  the  field  drawn  in  Fig.  50,  on  a  scale  of  S  chains 
tc  the  inch,  AB  =  588  hnks,  BC  =  210,  CD  =  430,  DA  =  274, 
the  diagonal  AO  =  626,  and  the  proof  diagonal  BD  :=  500.  I'he 
total  content  will  be  lA.  OR.  17P. 

Hx.  4.  The  sides  of  a  four-sided  field  are  AB  =  12.41,  BC 
=  5.86,  CD  =8.25,  DA  =  4.24;  the  diagonal  BD  =  11.55, 
and  tlie  proof  line  AC  =  11.04.     Required  the  content. 

Am.  4A.  2R.  38P. 

Ux.  5.  The  sides  of  a  four-sided  field  are  as  follows  :  AB  = 
8.95,  BO  =  5.S3,  CD  =  10.10,  DA  =  6.54  ;  the  diagonal  from 
A  to  C  is  11.52  ;  tlie  proof  diagonal  from  B  to  D  is  10.92.  Be- 
quired  tlie  content.  Ans. 

Mx.  6.  In  a  foui-fflded  field,  AB  =  7.68,  BO  =  4.09,  CD  = 
10.64,  DA  =  T.24.  AC  =  10.82,  BD  =  10.74.  Ee^uired  the 
content.  Ana. 


(92)  A  many-sided  Held,  as  Fig.  61. 
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Fi  JJr-WoiJc  Meisuie  ill  the  sides  of  the  field.  Measui-o 
also  diigjnals  enjugli  to  dwile  the  field  into  triangles  ;  of  which 
there  will  aJwajs  be  ti\o  le3o  tina  the  number  of  sides.  Choose 
such  diagonals  as  will  diMde  tlie  field  into  tnangles  as  neai'ly  equi- 
!ateial  13  potsihle  Measme  al'fo  one  or  more  diagonals  for 
"  Proof  hues."  It  is  well  for  the  surveyor  liimself  to  place  stakes 
in  advance  at  all  the  comers  of  the  field,  as  he  can  then  select  the 
best  mode  of  divisioo. 

Plaiting.  Be^  with  any  diagonal  and  plat  one  ti^angle,  as  in 
Art.  (90).  Plat  a  second  triangle  adjoining  the  first  one,  as  in 
Art.  (91).  Plat  another  adjacent  triangle,  and  so  proceed,  till  ail 
have  heen  laid  down  m  their  proper  places.  Measure  the  proof 
lines  as  in  the  last  article. 

Oalculatitm.  Pi-oceed  to  calculate  the  content  of  tlie  figure, 
precisely  as  dh-ected  for  the  four-sided  field,  measuring  the  perpen- 
diculars and  calculating  the  content  of  each  triangle  in  turn ;  or 
taking  in  pairs  those  on  opposite  sides  of  the  same  diagonal ;  or 
using  some  of  the  other  metliods  which  have  been  explained. 

Exaw^le  1.  The  mx-sided  field,  shown  in  Fig.  51,  has  the 
lengths  of  ita  lines,  in  chains  and  links,  vmtten  upon  them,  anil  is 
diwded  into  four  triangles,  by  three  diagonals.  The  diagonal 
BE  is  a  "  proof-lme."  The  Figure  is  drawn  to  a  scale  of  4  chama 
to  the  inch.     The  content  of  the  field  is  5A.  3R.  22P. 

Ex.  8.  In  a  five-sided  field,  the  length  of  the  sides  are  as  fol- 
loivs :  AE  =  2.69,  EG  ==  1.22,  CD  =  2.32,  CE  =  3.65,  EA  = 
3.23.  The  diagonals  are  AD  =  4.81,  ED  =  3.33.  Requii-ed  its 
content.  Ans. 

(93)  A  field  may  be  divided  up  into  triangles,  not  only  by  mea- 
suring diagonals  as  in  the  last  figure,  but  by  any  of  the  methods 
shown  in  the  four  figures  of  Art.  (TI).  The  one  which  we  have 
been  employing,  corresponds  to  tlie  last  of  those  figures. 

Still  another  mode  may  be  i:sed  when  the  angles  cannot  be  seen 
from  one  another,  or  from  any  one  point  within.  Take  three  or 
more  convenient  points  within  the  field,  and  measure  from  them  tu 
the  comers,  and  thus  form  different  setg  of  triangles. 
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KEEPING  THE  FIELD  NOTES. 
(94)  By  Skctcli.  The  most  simple  method  is  to  make  a  sketch 
of  the  field,  as  nearly  correct  as  the  miassisted  hand  and  eye  can 
produce,  and  note  down  on  it  the  lengths  cf  all  the  Imes,  as  in  Pig. 
61.  But  when  many  other  points  require  to  be  noted,  such  as 
where  fences,  or  roads,  or  streams  are  crossed  in  the  measurement, 
or  any  other  additional  particulars,  the  sketch  would  become  con- 
fused, and  be  likely  to  lead  to  mistakes  in  the  subsequent  platting 
from  it.  The  following  is  therefore  the  usual  method  of  keeping 
the  Field-notes,    A  long  narrow  book  is  most  convenient  for  it, 

(93)  In  (!oluiiins<  Draw  two  paa'allcl  lines  about  an  inch  apart 
from  the  bottom  to  the  top  of  the  page  of  the 
field-hook,  as  in  the  margin.  This  column,  or  pair 
of  linesj  may  be  conceived  to  represent  the  measured 
Ime,  split  in  two,  its  two  halves  being  then  separated, 
an  inch  apart,  merely  for  convenience,  so  that  tie 
distances  measured  along  the  line,  may  be  written  be- 
tween these  halves. 

Hold  the  book  in  the  direction  of  the  measurement.  At  the 
bottom  of  the  page  write  down  the  name,  or  number,  or  letter, 
which  represents  the  station  at  which  the  survey  is  to  begin. 


A  "  station"  is  marked  with  a  triangle  or  circle,  as  | 
(1  the  margin.     The  latter  is  more  easily  made.  I 


© 


In  the  complicated  cases,  which  i^-ill  be  hereafter  explained,  and 
in  which  one  long  base  hne  is  measured,  and  also  many  other  sub- 
ordinate lines,  it  will  be  well,  as  a  help  to  the  memory,  to  mark 
tne  stations  on  the  Base  line  with  a  triangle,  and  the  stations  on 
the  other  lines  with  the  ordinary  circle. 

The    station   from  which   the    measure-  j      ©       feB 

ments  are  made  is  usually  put  on  the  left 
of  the-  column ;    and  the    stataon  which  is      ^ 
IS  put  on  the  nght. 
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Surveying  by  Diagonals, 

e  compact,  and  avoids  interfering 


Bat  it  is 

with  the  notes  of  "offeets"  (to  be  explained  here- 
after) to  write  the  name  or  number  of  the  station 
in  the  column,  as  in  the  marg^. 

The  measurements  to  different  points  of  a  Hue  are 
written  above  one  another.  The  numbers  all  refer 
io  the  tc^iining  of  the  line,  and  are  counted  from  it. 

The  end  of  a  measured  line  is  marked  by  a  line 
drawn  across  the  page  above  the  numbers  wliich  ~ 
indicate  the  measurements  which  have  been  made. 

If  the  chaimng  does  not  continue  along  the 
adjoining  line,  but  the  chain-men  go  to  some       _ 
other  part  of  the  field  to  begin  another  mear 
Bvu'ement,  two  lines  are  dra'wn  across  the  page. 


^Vhen  a  line  has  been  measured,  the  marks    — ' ii— 

r  or  n  are  made  to  show  ■whether  the   foHow-     _ 

lowing  line  turns  to  the  right  or  to  the  left.  ~ — j j 

A  Ime  is  named,  either  by  the  names  of  the  stations  between 
which  it  is  measured,  as  the  line  AB ;  or  by  its  length,  a  line 
562  links  long,  being  called  the  line  562 ;  or  it  is  recorded  as  Line 
No.  1,  Line  No.  2,  &o;  or  as  Line  on  page  1,  2,  &c.,  of  the 
Field-book. 

When  a  mark  is  left  at  any  point  of  a  line, 
as  at  D.  in  Fig,  49,  with  the  intention  of  com- 
ing baek  to  it  again,  in  order  to  measure  to 
some  other  point,  the  place  marked  is  called  a 
False  Station,  and  ia  marked  in  the  Field-book 
F.  8. ;  or  has  a  line  drawn  around  it,  to  distinr 
gcush  it ;  or  has  a  station  mark  ^  placed  outside 
of  the  cohunn.  to  the  nghfc  or  left,  according  to 
the  direction  m  which  the  measurement  from  it  is 
to  be  made  Examples  of  these  three  modes  are 
given  in  the  miigm 


562 

200 

0 

F.S 

562 
0 

562 

200 
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[p.. 


A  False  Station  is  named  by  its  position  on  tlic  liwc  "wi^crc  it 
belongs ;  as  thus—"  200  on  562." 

When  a  gate  oecura  in  a  measured  line,  the  d^tance  from  the 
beginning  of  the  line  to  the  side  of  the  gate  first  reached,  is  lihe 
one  noted, 

Wlicn  the  measured  Imt  crosses  a  fence,  brook, 
road,  &c.,  tliey  aj:e  (irma  on  the  field-notea  in 
their  true  direction,  as  nearly  aa  possible,  but 
not  in  3.  continuous  line  across  the  column,  as  in 
the  first  figure  in  the  mar^n,  but  as  in  the  se- 
cond figure,  so  that  the  two  parta  would  form  a 
continuous  straight  line,  if  the  halves  of  tho 
"  spht  line"  were  brought  together. 

It  is  convenient  to  name  the  lines,  in  the  margin,  as  being  Sides, 
Diagonals,  Proof  hues,  &c, 

(88)  The  Field-notes  of  the  triangular  field  platted  in  Fig.  49, 
are  given  below,  according  to  botli  the  methods  mentioned  in  tlie 
preceding  Article,  pages  62  and  63. 

In  the  Field-notes  in  the  column  on  the  right  hand,  it  is  not  abso- 
lutely necessary  to  repeat  the  B  and  C. 
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Surrcying  by  Diagonals. 


(9?)  The  Field-notes  of  &e  survey  platted  in  "Fig.  51,  &■ 
below.     They  begin  at  the  bottom  of  the  left  hand  column 
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CHAPTER  II. 

SPRTEimG  M  iriE-LfPiXS. 

(9S)  Surveying  hy  Tie-lines  is  a  modification  of  the  method 

exnlained  in  the  last  chapter.    It  frequently  happens  that  it  is  im* 

possibls  to  measure  tJie  tiiagonala  of  a  field  of  ma.uy  sidea,  in  oonae- 
quence  of  obstficles  to  meaauremeiits,  such  aa  woods,  water,  houses, 
file.  Ill  such  eases,  "Tie-lines"  (so  called  because  they  tie  the 
sides  together),  are  employed  as  substitutes  for  diagonals. 

Thus,  in  tiie  four^dded  field  shown  in  the  Kgure,  the  diagonals 
cannot  be  measured  because  of  woods  inter-  pig.  53. 

vening.  As  a  substitiite,  measure  off  from 
any  convenient  comer  of  the  field,  as  B,  any 
distances,  BE,  BF,  along  the  sides  of  the 
field.  Measiu-e  also  the  "tie-line"  EF. 
Measure  all  the  ades  of  the  field  as  usual. 

To  plat  this  field,  constimct  the  triangle  BET",  as  in  Art.  (90). 
Produce  the  sides  BE  and  BF,  till  they  become  respectively  equal 
to  BA  and  BC,  as  measured  on  the  ground.  Then  with  A  and  C 
as  centres,  and  with  radii  respectively  equal  to  AD  and  OD, 
describe  arcs,  whose  intersection  will  be  D,  the  remaining  corner 
of  the  field. 

(99)  It  thus  appears  that  one  tie-line  is  sufficient  to  determme  a 
foui'-sided  field ;  two,  a  five-sided  field,  and  bo  on.  But,  aa  a 
chuck  on  erroi-s,  it  is  better  to  measure  a  tie-line  for  each  angje, 
and  the  agreement,  in  the  plat,  of  all  the  measurements  will  prove 
tbo  accuracy  of  the  whole  work. 

Since  any  inaccuraey  in  the  length  of  a  tie-line  ia  increased  in 
proportion  to  the  greater  length  of  the  sides  which  it  fixes,  the  tie- 
lines  should  be  measured  aa  far  from  the  point  of  meeting  of  these 
sides  as  possible,  that  is,  they  should  b^  as  long  as  possible. 

The  radical  defect  of  the  system  is  that  it  is  "  working  from  less 
to  greater,"  (which  is  the  exact  converse  of  the  true  principle), 
ibiis  magnifying  jjiaccuracies  at  every  step. 
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A  tie-line  may  also  be  employed  as  a  "  proof  line,"  in  the  place 
if  a  ciiagonal,  and  tested  in  the  same  manner. 


If  any  angle  of  the  field  is  re-entering,  as  at 
B  in  the  figure,  measure  a  tie-line  across  the 
Balient  angle  ABC. 

(160)  Chaia  Ang'IcS.     It  is  convenient,  thoi 
to  measure  equal  distances  along  the  sides 
Md  BA,  BC,  in  Kg.  53.    "ChainAngW 


BF,  in  Kg.  52, 
thus  formed.' 


(!01)   InacccssiSilo  Areas.     The  method  of  tie-lines  can  1 
applied  to  measuring  fields  ivhich  cannot  be  entered. 

Thus,  in  the  Figure,  ABCD  is  an  inae-  Fig.  5i- 

cessible  wooded  field,  of  four  sides.  To  j; 
sui-vey  it,  measure  all  the  sides,  and  at 
any  comer,  as  D,  measure  any  distance 
DE,  in  the  line  of  AD  produced.  Mear 
sure  also  anotlier  distance  DF  in  the  line 
of  CD  produced.  Measure  the  tie-line  EF,  and  the  figure  can  be 
plaited  as  in  the  case  of  the  field  of  Fig.  52,  the  sides  of  the  trian- 
gle being  produced  in  the  contrary  direction. 

The  same  end  would  be  attained  by  prolon^g  only  one  side,  as 
shown  at  the  angle  A  of  the  same  figure,  and  measuring  AG,  AH, 
and  OH.  It  is  better  in  both  eases  to  tie  all  the  angles  in  a 
similar  manner. 

Tills  method  may  be  apphed  to  a  figiu-e  of  any  number  of  sides 
hy  prolonging  as  many  of  them  as  are  necessary ;  all  of  them,  if 


lajn  angles  may  be  reduced  to  angles  meaEnred  in  degrees,  by  observing 
IB  tie-liaoie  the  chovd  of  the  anela  to  aradinaequnl  toeneof  theeqiial  dis- 
mBasured  oil  the  sides.  Therefore,  flmde  the  length  of  the  tie-line  by  the 
of  thia  distance.  The  qnociant  will  be  the  chord  of  the  angle  to  a  radius 
.  In  the  TiBti;  of  Ohohos,  at  the  end  of  this  volume,  findTthis  quotient 
le  number  of  de^'eea  and  minatea  coiTeaponding  to  it  gives  the  angle  re 
L  Otherwise!  aince  the  chord  of  any  anele  equala  twice  the  aine  of  half 
gle,  we  have  fhis  rale ;  Divide  half  tha  tie-line  by  the  measured  distance 
E  a  table  of  natural  sines  the  angle  coi'reBponriiug  to-the  quotient,  ond  mul 
his  angle  by  two,  to  get  the  angle  desired. 
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(102)  If  the  sides  OD  and  AD  were  prolonged  bj  their  fuli 
length,  the  content  of  the  figure  conld  be  calculated  without  any 
plat ;  for  the  new  triangle  DEP  would  equal  ihs  triangle  DAG ; 
and  the  ddes  of  the  triangle  ACE  would  then  be  known. 

Tlu3  principle  may  be  extended  still  farther.     i,i_ 
For  a  five^ided  field,  as  in  Fig.  55,  proiJuce 
two  pairs  of  sMea,  a  distance  eq.ual  to  their 

length,  forming  two  new  tmmglea,  as  stown  by 
the  dotted  lines,  and  measure  the  adcs  B'D', 
and  A'D".  The  three  sidea  of  each  of  these 
triangles  will  ttiua  be  known,  and  also  the  three 
sides  of  the  triangle  BAD,  since  AD  =  A'D", 
and  ED  =  B'D'. 

The  method  of  this  article  maybe  employed 
for  a  figure  of  six  sidea  aa  shown  in  Fig.  66, 
(in  which  fte  dotted  lines  within  the  wooded 
field  have  their  lengths  determined  by  the  tri- 
angles formed  outade  of  it,)  but  not  for  figiu'es 
of  a  gi-cater  number  of  sides. 


CHAPTER  III. 


SCRTETIKG  BY  PERPEKDICTLAES ! 


-Bi/  the  Second  Method. 
(103)  The  method  of  Swveymg  hy  Ferpmdiculctn  is  founded 
on  the  Second  Metftod  of  determining  the  position  of  a  point, 
explained  in  Art.  (6).  It  is  applied  in  two  ways,  either  to 
making  a  complete  Survey  by  "  IKagoncds  and  Ferpendieulars," 
or  to  measuring  a  crooked  boundary  by  "  Off-sets."    Eafih  wiU  be 
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SiiiTcyin?  liy  Perpendicnlars. 


The  best  metliods  of  getting  perpendiculars  on  tlie  ground  must, 
however,  be  first  csplained, 

TO  SET  OUT  PERPENDICULARS. 

(104)  Surreyfir's  Cross.  'Xhe  elmplest  instrament  ^''s-  57, 
for  this  purpcee  is  the  Surveyor's  Gross,  or  Cross-Staff,  (\\ 
shoivii  in  the  figure.  It  consists  of  a  block  of  >YO0d,  of  \~~\J 
any  shape,  having  in  it  two  saw-cuts,  made  very  precise- 
ly at  right  angles  to  each  other,  about  haif  an  inch  deep, 
and  ■with  centre-bit  holes  made  at  the  bottom  of  the  cuta 
to  assist  in  finding  the  objecte.  This  block  is  fixed  on  a 
pointed  staff,  on  which  it  can  turn  freely,  and  which 
should  be  precbely  8  links  (63|  inches)  long,  for  the 
convenience  of  short  measurements. 

To  use  the  Cross-staff  to  erect  a  perpendicular,  set  it 
at  the  pomt  of  the  line  at  which  a  perpencUcidar  is  wai^t- 
ed.  Turn  its  head  till,  on  looking  through  one  saw-cut, 
you  see  the  ends  of  the  Ime.  Then  will  the  other  saw- 
cut  point  out  the  direction  of  the  perpendicular,  and  thus 
guide  the  measurement  desired. 

To  find  where  a  perpendicular  to  the  line,  from  some  object,  as 
a  comer  of  a  field,  a  tree,  &c.,  would  meet  the  line,  set  up  the 
ci-oss-staff  at  a  point  of  the  line  which  seems  to  the  eye  to  be  about 
the  spot.  Note  about  how  far  from  the  object  the  perpendicular 
at  this  point  strikes,  and  move  the  cross-staff  that  distance ;  and 
repeat  the  operation  till  the  correct  spot  is  found, 

(105)  To  test  the  accuracy  of  the  in-  ^^S'  5S.  g   p  ^ 
strument,  sight  through  one  slit  to  some  \  \  / 
point  A,  and  place  a  stake  B  in  the  line  11/ 

of  sight  of  the  other  slit,     Thentum  its    a (T^4 

Lea,d  a  quarter  of  the  way  around,  30  SW 

that  the  second  slit  looked  through,  points  to  A.  Then  see  if  the 
other  a^t  covers  B  again,  as  it  will  if  correct.  If  it  does  not  do 
BO,  but  Mghts  to  some  other  point,  as  B',  the  apparent  error  is 
double  the  real  one,  for  it  now  pomts  as  far  to  the  right  of  the  tni.9 
point,  C  as  it  did  before  to  its  left. 
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This  ia  the  first  example  we  have  had  of  the  invaluable  prin- 
ciple oi  Meversion,  which  is  used  in  almost  everj  test  of  the  accu- 
racy of  Surveying  and  Astronomical  mstrmuents,  its  peculiar  merit 
being  that  it  doubles  the  real  error,  aiid  thus  makes  it  twice  as  easy 
to  perceive  and  correct  it. 

(106)  The  instrument,  in.  its  most  finished  form,  ia  made  of  a 
hollow  braaa  cjlinder,  which  has  two  paira  of  slits  ezactlj  opposite 
to  ea^h  other,  one  of  each  pair  being  natiow  and  the  other  \>iiie, 
with  a  horse-hair  stretched  from  the  top  to  the  bottom  of  the  lattei 
It  is  also,  sometimes,  made  with  eijit  face-,  dad  two  inoio  piiia 
of  shts  added,  so  as  to  set  offhilt  d,  n^lit  ingle  j-,g    ^ 

Another  form  is  a  hollow  biass  sphere,  is  m  the    *'  * 

figure.     This  enables  the  surveyoi  to  set  off  peipon 
pendicukrs  on  very  gteep  slopes. 


Another  form  of  the  surveyor's  cross  consists  of  two  pairs  i 
of  plain  *'  Sights,"  each  shaped  as  hi  the  figure,  placed  at 
the  ends  of  two  bars  at  right  angles  to  each  other.  Tho 
sht,  and  the  opening  with  a  hair  stretched  from  its  top  to 
its  bottom,  are  respectively  at  the  top  of  one  sight  and  at 
the  bottom  of  the  opposite  sight.*  This  is  used  in  the  same 
manner  as  the  preceding  fom,  but  is  less  portable  and  more  liable 
to  get  out  of  order. 

A  temporary  substitute  for  these  instruments  may  be 
made  by  sticldng  four  pins  into  the  comers  of  a  squai-o 
piece  of  board ;  and  sighting  across  them,  in  the  direc- 
tion of  the  line  and  at  right  angles  to  it. 


(107)  Optical  Square.  The  most  convenient  and  accurate  in- 
strument is,  however,  t!ie  Optical  Square.  The  figures  give  a  per- 
spective view  of  it,  and  aJso  a  plan  with  the  lid  removed.  It  ia  a 
small  circular  bos,  containmg  a  strip  of  looking-glass,  from  tho 
upper  half  of  which  the  silverine  is  removed.    Ths  glass  is  placed 
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7) 


so  as  to  make  pieci  elv  liilf  i  light 
angle  witJi  tlie  line  of  iiglit,  wliich 
passes  through  i  sht  on  one  side 
of  the  box,  and  t  veitical  biu 
stretched  acioss  the  upemng  on  the 
otier  side,  or  i  mail  on  the  gla^s 
The  box  ia  held  m  the  hand  oi  i 
the  spot  ■wh'Sis  the  perpendiculai  i 
desired,  (a  plumb  Ime  m  tlie  Innd 
n'ill  ^ve  peifect  lecuiacy)  ind 
the  obaervei  apphea  his  eve  to  tlip 
slit  A,  loolaiig  through  the  upptr 
or  unsilvered  j^it  of  the  glass  ind 
turns  the  lex  tiU  be  sees  the  othei 
end  of  the  Line  E,  thr0Uj,h  the  open 
ing  C.     The  vsitt-int,  mth  i  lod,  j-.^ 

moves  along  m  the  diiection  ^^heie  the  perpendi  tlai  is  de<*!red, 
bemg  seen  m  the '5it\eied  piits  of  the  ^lasa,  by  reflection  thioagh 
the  openin^  J),  till  his  rod,  at  E  is  seen  to  coincide  with,  ci  to  be 
exactly  under,  the  object  B.  Then  ia  the  hue  DE  at  right  anglea 
to  the  Ime  A3,  hj  the  optical  pruiciple  of  the  equahty  of  the  an- 
gles of  incidence  and  reflection. 

To  find  where  a  perpendicular  from  a  distant  object  would  strike 
the  line,  walk  along  the  line,  with  the  instrament  to  the  eye,  till 
the  unage  of  the  object  is  seen,  in  tlie  silvered  part  of  the  glass,  to 
coincide  with  the  direction  of  the  lino  seen  through  the  misilvered 
part. 

The  histnunent  may  be  tested  by  sighting  along  the  perpendicu- 
lar, and  fixing  a  point  in  the  original  Hne ;    on  the  principle  of 


The  surveyor  can  make  it  for  Hmself,  fastening  the  glass  in  the 
box  by  four  ashlar  pieeea  of  cork,  and  adjusting  it  hy  cutting 
away  the  cork  on  one  side,  and  introducing  wedges  on  the  other 
side.     The  box  should  be  blackened  inside. 

Another  form  of  the  optical  square  contains  two  glasses,  fixed  at 
an  angle  of  45°,  and  giving  a  right  angle  on  the  principle  of  the 
Sextant. 
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(W8)  Cliafffl  PePliCHdiculars,  Perpcncliculars  may  be  set  out 
with  tlie  chain  alone,  by  a  variety  of  methods.  These  methods 
generally  consist  in  performing  on  tlie  ground,  the  operations  exe- 
cuted on  paper  in  practical  geometry,  the  chain  bemg  used,  in  the 
["lace  of  the  compasses,  to  describe  the  necessary  area. 

As  these  operations,  however,  are  less  often  used  for  the  method 
cf  surveying  now  to  be  explained,  than  for  overcoming  obstacles  tc 
measurement,  it  irili  be  more  convenient  io  consider  th.em  in  that 
connection,  in  Chapter  V. 

DIAGONALS  AND  PERPENDICULARS. 

(600)  In  Chapter  I,  of  this  Part,  we  ha^  e  seen  tliat  plat"  of  -^m 
veys  made  with  the  chain  alone,  have  their  contents  mo't  eisilv 
determined  by  measuring,  on  the  plat,  the  peij  cndiculiia  of  ei,(.h 
of  the  ti^ngles,  into  which  the  diagonals  measured  on  the  gionnd 
have  divided  the  field.  hi&Q  Method  of  %u}  ueymg  by  Diagonah 
and  Perpendiculars,  now  to  be  explained,  the  perpendiculars  aie 
measured  on  the  ground.  The  content  of  the  field  can,  therefore, 
be  found  at  once,  Qsj  adding  together  the  half  products  of  each 
perpenc^cular  by  the  diagonal  on  which  it  is  let  fall,)  without  the 
necessity  of  previously  making  a  plat,  or  of  measuring  the  sides  of 
the  field.  This  is,  therefore,  the  most  rapid  and  easy  method  of 
surveying  when  the  content  alone  is  required,  and  is  particularly 
apphcable  to  the  measurement  of  the  ground  occupied  by  crops, 
for  the  pui-pose  of  determining  the  number  of  bushels  gro\\Ti  to  the 
acre,  the  amount  to  be  paid  for  mowing  by  the  acre,  &c. 

(110)  A  three-sided  field.  Measure  the 
longest  side,  as  AB,  and  the  perpendicular, 
CD,  let  faU  on  it  from  the  opposite  angle  C. 
Then  the  content  is  equal  to  half  the  product 
of  the  Bide  by  the  perpendicular.    If  obsta-  E     ^~~'-  n 

cles  prevent  this,  find  the  point,  where  a  perpendicular  let  fall  from 
an  angle,  as  A,  to  the  opposite  side  produced,  as  EC,  would  meet 
it,  as  at  E  in  the  figure.  Then  half  the  product  of  AB  by  CB  is 
Ihe  content  of  the  triangle. 
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Bia^onals  and  Pcrpeadiculars. 


(Ill)  A  four-sided  field. 

Measure  the  diagonal  AC.   Leave 
marka  at  the  points  on  &is  diago- 
nal at  which  perpendiculars  from  E  j^. 
and  from  D  would  meet  it ;  find- 


y  trial,  i 


I  previ- 


OMalj  directed  in  Arts.  (^104)  a 
(I»7).    The  best  marks  at  tliese  " 

''False  Stations,"  have  been  deserihed  in  Art.  (90).  Return  to 
these  false  stations  and  meaaure  tbe  perpendiculars.  "When  these 
perpendiculars  are  measured  before  finishing  the  measurement  of 
the  diagonal,  great  care  is  neceseary  to  avoid  making  mistakes  in 
the  length  of  the  diagonal,  when  the  chainmen  return  to  continue 
its  meaaurement.  One  cheek  is  to  leare  at  the  mark  as  many  pins 
as  have  been  taken  up  by  the  hiad-chainnian  in  coming  to  tiiat 
point  from  the  beginning  of  the  hne. 

Example  9.     Required  the  content  of  the  field  of  Fig.  64. 

Am.   OA.  2R.  29P. 

The  field  may  be  platted  from  diese  measurements,  if  desired, 
but  with  more,  UabUity  to  inaccuracy  than  in  the  first  method,  in 
which  tiie  sides  are  measured.  The  plat  of  the  figure  is  3  chains 
to  1  inch. 

The  field-notes  may  be  taken  by  writing  the  measnrements  on  a 
sketch,  as  in  the  figure ;  or  in  more  complicated  cases,  by  the 
column  method,  as  below.  A  new  symbol  may  be  employed,  thi,s 
mark,  ^-,  or  H,  to  show  the  False  Station,  from  wliich  a  perpen- 
dicular ia  to  be  .measured. 

Example  10.     Oalcidation. 

AEC=  1  X  480  X  110  =-26400 
ADC--^  X  480  X  175  =  42000 
sq.  chains  0.8400 
Acres  0.6S4 
It  ia  still  easier  to  take  tlie  two 
triangles   together ;      multiplying 
the  diagonal  by  the  sum  of  the  per- 
pendicular aiid  dividing  by  two. 


«                               110 
g»o«i200o»480F.S. 

to  3 
H 

a                            175 
|^)-om280<w480F.  S. 

toJ> 
1- 

1                       H 
S                Frmn  A 

480 

280 

.200 

© 

toC 
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(112)  A  many-sided  field.  Kg.  65,  and  the  aeeompanjing 
field-notes  represent  tlie  field  wlilch  was  surveyed  by  the  Pirat 
Method  and  platted  in  Y\g.  51. 


From  5.07 

oji7,S7 

1.54  1(0  !'■ 

P.S.I 

JVom  1.60 

on  7,75 

2.53 

F.  S. 

to  D 

.fVom  5.45 

on  X1.42 

F.  S. 

toE 

From  4.95 

ore  11.42 

V.  S, 

(oB 

JVomE 

7.37 
5,07 
O 

to  A 

r 

H 
FromC 

7.75 
1.60 
© 

r 

From  A 

11,42 
5.45 
4.95 

0 

to  U 

1- 

Example  11.  Oahulaiton. 
The  content  of  the  triangles  may 
he  expressed  thus : 

sq.  Iks. 

ABC  =  1x1142x267=152457 

AEC  =1x1142x493=281503 

ODE  =  ix   775x253=  98037 

AEF  =  Jx   737x154=  56749 

sq.  chains  58.8746 

Acres  5,88746 

or,  5A.  3R.  22P. 

The  fii^t  two  triangles  imghi 

have  hecn  taken  together,  as  iu 

the  previous  field. 

Content  caJculatod  from  the 
perpendiculars  wiU  generally  vay 
ry  slightly  from  tliat  obtained  bj 
measuring  on  the  plat. 
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Fig.  GC. 


(113)  A  small  field  wliieli  has  many  sides,  may  sometimes  be 
eonvenienily  aui-veyecl  by  talting  one  diagonal  and  meaauiing  the 
perpendiculars  lot  fall  on  it  from  each  angle  of  the  field,  and  thus 
dividing  the  whole  area  Into  triangles  and  trapezoids  ;  as  hi  Tig,  86, 
page  48. 

The  line  on  whieh  the  perpendiculars  are  to  be  let  fall,  may  also 
be  outside  of  the  field,  as  in  Fig.  87,  page  48. 

Such  a  survey  caa  be  platted  very  readily,  bat  the  length  of  the 
perpendiculars  rendera  the  plat  less  accurate. 

Thia  procedure  supplies  a  transition  to  the  method  of  "  Offsets," 
which  is  explained  in  the  next  article. 

OFFSETS. 

(114)  Offeets  are  short  perpendiculars,  measured  from  a  straight 
line,  to  the  angles  of  a  crooked  or  zigzag  line,  near  which  the  straight 
fine  runs.  Thus,  in  .the  figure, 
let  AODB  be  a  crooked  fence, 
bounding  one  side  of  afield.  Chain  ^ 
along  the  straight  line  AB,  which  runs  from  one  end  of  the  fence 
to  the  other,  and,  when  opposite  ea«h  comer,  note  the  distance 
from  the  be^mnmg,  oi  the  point  A,  and  also  measure  and  note  the 
perpendieuUr  diotince  of  eaah  corner  C  and  D  from  the  line. 
These  eomeis  tiiII  titicn  be  "  determined"  by  the  Second  Method, 
Art.  (6). 

The  KcUl  notos,  conesponding  to  Fig. 
66,  are  as  m  the  margin.  The  measure- 
ments along  the  Ime  are  written  in  the 
column,  as  before,  countiag  from  the  be- 
^nning  of  the  line,  and  the  ofeets  are 
writ-ton  beside  it,  on  the  right  or  left,  oppo- 
site the  distance  at  T\'hich  they  are  taken. 
A  sketch  of  the  crooked  line  is  also  usually  PfQ- 
made  m  tho  Field-notes,  though  not  abso-  ~' 
lately  necessary  in  so  simple  a  case  as 
this.  The  letters  C  and  D  would  not  be  used  in  practice,  but  are 
here  inserted  to  show  the  connection  befcireen  the  Field-notea  and 
the  plat, 
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In  taking  the  Field-Notes,  the  -widths  of  the  o^eta  should  no* 
be  drawn  proportionally  to  the  distances  between  them,  hnfc  the 
hreadths  should  he  greatly  exaggerated  in  proportion  to  the  lengths. 

(115)  A  more  extended  example,  with  a  little  different  notation, 
is  given  heloir.  In  the  figure,  which  is  on  a  scale  of  8  chains  to 
one  inch  for  the  distances  along  the  line,  the  breadths  of  the  offeets 
are  exaggerated  to  four  times  their  true  iiroportional  dimensions. 


B 

1500 

(1 

1250 

ai 

II 

1000 

1) 

Ml 

750 

5« 

600 

40 

250 

0 

A 

(116)  The  plat  and  ^Field-notes  oi'  the  position  of  two  houses, 
detei-mmed  by  offsets,  are  ^ven  below  on  a  scale  of  2  chains  to  1 
inch. 


^: 


8  convenient ;  and  eometimea 
Below  are  given  the  notes  and  the 
plat,  1  chain  to  1  inch,  of  a  road  of  varying  width,  both  sides  of 
which  are  determined  by  double  o^eta.  It  will  be  seen  tiiat  the 
line  AB  crosses  one  side  of  the  road  at  160  links  from  A,  and  tLo 
other  side  of  It  at  220. 


'2d0 

to  B 

^^20 

185 
150 

Mvm  A. 

90 
50 

0 

30 

(117)  Double  offsets  ai'e 
triple  and  quadruple 
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Offsets. 


7T 


Two  methods  of  keeping  the  Field-notes  are  ^ven.  In  the  first 
form,  the  offsets  to  each  side  of  the  road  are  given  separately  and 
connected  hy  the  sign  +■  In  the  second  form,  the  total  diatance 
of  the  second  offset  is  given,  and  the  two  measurements  connected 
by  the  word  "  to."     This  is  easier  both  for  measnnng  and  platting. 


B 

260 

30 

240 

10 

0 

220 

50 

20 

200 

30 

40 

180 

10 

46 

180 

0 

50+  0 

140 

65+  6 

120 

60+20 

100 

46+15 

80 

50+10 

60 

60  +  20 

40 

65  +  20 

20 

60+  0 

A 

B 

260 

30 

240 

10 

0 

220 

50 

20 

200 

30 

40 

180 

10 

45 

160 

0 

50(0  0 

140 

60  to  5 

120 

70  to  20 

100 

6010  16 

80 

60  to  10 

60 

70  to  20 

40 

75  6)20 

20 

60(0  0 

A 

(118)  These  offsets  may  generally  be  taken  -with  sufiicient  ai 
cy  by  measuring  them  as  neai-ly  at  nght  angles  to  the  base  line  as  the 
eye  can  estimate .  The  surveyor  should  stand  by  tlie  chaJn,  facing 
the  fence,  at  the  place  which  he  thinks  oppceite  to  the  comer  to 
which  he  wishes  to  take  an  offset,  and  measure  "  square"  to  it  by 
the  eye,  which  a  little  practice  wih  enable  him  to  do  witii  amch 
correctness. 
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The  oflsets  may  be  measured,  if  abort,  with  an  Offset-staff,  a 
light  stick,  10  or  15  links  in  length,  and  divided  accordingly ;  or 
if  thej  are  long,  with  a  tape.  They  are  generally  but  a  few  links 
Ja  length.  A  chain's  length  should  be  the  extreme  limit,  as  laid 
down  by  the  English  "  Tithe  Commissionera,"  and  that  should  be 
employed  only  in  exceptional  eases.  When  the  "  Cross-staff"  is 
in  use,  its  divided  length  of  8  links,  renders  the  offset-staff  need- 
When  of&ets  aj-o  to  be  taken,  tbe  method  of  chaiimig  to  the 
end  of  a  line,  described  in  Art,  (S5),  page  21,  is  somewhat  modi- 
fied. After  the  leader  arrives  at  the  end  of  the  lino,  he  ehoiild 
draw  on  the  chain  till  the  foUower,  with  the  back  end  of  the  chain, 
reaches  the  last  pin  set.  This  facilitates  the  counting  of  the  links 
to  the  places  at  which  the  offeets  are  taken. 

The  offsets  ai-e  to  be  taken  to  every  angle  of  the  fence  or  other 
crooked  lino ;  that  is,  to  every  point  where  it  changes  its  direc- 
tion. These  angles  or  prominent  bends  can  be  best  found  by  one 
of  the  party  walldng  along  the  crocked  fence  and  directing  another 
at  the  chain  what  points  to  measure  opposite  to.  If  the  iine  which 
is  to  be  thus  determined  is  curved,  the  offeets  should  be  taken  to 
points  so  near  each  other,  that  the  portions  of  the  curved  line  lying 
between  them  may,  without  much  error,  be  regarded  as  straight. 
It  will  be  most  convenient,  for  the  subsequent  calculations,  to  take 
the  effects  at  equal  distances  apart  along  the  straight  iine  from 


In  the  caso  of  a  crooked  brook,  such  as  is  shown  in  the  figure 
^ven  below,  offsets  should  be  taken  to  the  most  prominent  angles, 
such  as  are  marked  a  «  a  in  the  figure,  and  the  intemiediato  bends 
may  be  merely  sketched  by  eye. 

Kig.  71). 

a 


When  offsets  from  lines  measured  around  a  field  are  taken  inside 
of  these  bounding  lines,  they  are  aoraetimes  distinguished  as  Insets. 
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(119)  Platiingi  Tho  moat  rapid  jnethod  of  platting  the  offsets, 
is  by  tlie  uae  of  a  Platting  Scale  (described  in  Art.  49)  and  an 
Offset  Seals,  wliich  is  a  short  scale  divided  on  its  edges  liie  a 
platting  scale,  but  having  its  zero  in  the  middle,  as  in  the  figure. 

Fig.Ti 


The  platting  scale  is  placed  parallel  to  the  line,  with  its  zero 
point  opposite  to  the  beginning  of  the  line.  The  o^et  scale  is 
slid  along  the  platting  scale,  till  ita  edge  conies  to  a  distance  on 
the  latter  at  which  an  offset  had  been  taken,  the  length  of  which  is 
marked  off  with  a  needle  point  from  the  offset  scale.  This  is  then 
shd  on  to  the  next  distance,  and  the  operation  is  repeated.  If 
one  person  reads  off  the  field-notes,  and  another  plats,  the  opera- 
tion Tvill  he  greatly  facilitated.  The  points  thus  obtained  are 
joined  by  straight  hnes,  and  a  miniature  copy  of  the  curved  line  is 
thus  obtained ;  all  the  operations  of  the  platting  being  merely  re- 
petitions of  the  measurements  made  on  the  ground. 

If  no  offeet  scale  ia  at  hand,  make  one  of  a  strip  of  thick  drawing 
paper,  or  pasteboard ;  or  uae  the  platting  scale  itself,  turned  cross- 
Trays,  having  previously  marked  off  from  it  the  points  fwm  which 
the  ofisets  had  been  taken. 

In  plats  made  on  a  small  scale,  the  shorter  ofeets  are  best  esti- 


On  the  Ordnance  Survey  of  Ireland,  the  platting  of  offsets  is 
facilitated  by  the  uae  of  a  combination  of  the  ofeet  scale  and  the 
platting  scale,  the  former  being  made  to  slide  in  a  groove  in  tho 
latter,  at  right  angles  to  it. 

(120)  Calculating  Conteat.  "When  the  crooked  hne  deter- 
mined by  effects  is  the  boundary  of  a  field,  the  content,  enclosed 
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Detween  it  £uid  the  straight  line  surveyed,  must  be  determined, 
that  it  may  be  added  to,  or  suhtrsuited  from,  the  content  of  the 
field  bounded  by  the  straight  lines.  There  are  vaj'ious  methods  of 
efieclang  tliia. 

The  area  enclosed  between  the  straight  and  the  crooked  lines  is 
divided  up  by  the  offsets  into  triangles  and  trapezoids,  the  content 
of  which  may  be  calculated  separately  by  Arts.  (65)  and  (67), 
and  then  added  together.  Tho  content  of  the  plat  on  page  75, 
■Bill,  therefore,  be  1500  4-  4125  +  625  =  6250  square  Imts  = 
0,625  square  chain.  The  content  of  the  plat  on  page  76,  mil  in 
like  manner  be  found  to  be,  on  the  loft  of  the  straight  line  30,000 
square  linis,  and  on  its  right  5,000  square  linlts. 

(121)  When  ihe  offsets  ham  been  taken  at  equal  distances,  the 
content  may  be  more  easily  obtained  by  adding  together  half  of 
the  first  and  of  the  last  offeet,  and  all  the  intermediate  ones,  and 
multiplying  the  sum  by  one  of  the  equal  distances  between  the  off- 
seis.     This  rule  is  merely  an  abbreviation  of  *he  preceding  one. 

Thus,  in  the  plat  of  page  76,  the  distances  being  equal,  the  con- 
tent of  the  offeets  on  the  left  of  the  straight  line  will  be  120  x  250 
=  30,000  square  linfe,  and  on  the  right  20  X  250  =  5,000 
square  links ;  the  sanie  results  as  before. 

"When  the  line  determined  by  the  ofisets  is  a  curved  line,  "  Simp- 
son's rule"  gives  the  content  more  accurately.  To  employ  it,  an 
evffih  number  of  equal  distances  must  have  been  measured  in  the 
part  to  be  calculated.  Then  add  together  tho  first  and  last  offeet, 
four  times  the  sum  of  the  even  offsets,  (i.  e.  the  2d,  4th,  6th,  &o.,) 
and  twice  the  sum  of  the  odd  o^ets,  (i.  e.  the  3d,  5th,  7th,  &c.,) 
not  including  tlio  first  and  the  last.  Multiply  the  sum  by  one  of 
the  equal  distances  between  the  offeeta,  and  divide  by  3.  The 
quotient  will  be  the  area. 

Example  12.  The  ofisets  from  a  straight  hne  to  a  curved  fence, 
were  8,  9,  H,  16, 16, 14,  9,  links,  at  equal  distances  of  5  linlcs. 
'\\Tiat  was  the  content  included  between  the  curved  fence  aiid  the 
straight  line  ?  Ajis.       371.666 
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(122)  Many  en-oneous  rules  have  been  given  on  this  part  of  the 
subject.  One  rule  directs  the  surveyor  to  divide  the  sum  of  all 
the  offeets  by  one  lesa  than  their  number,  and  multiply  the  quotient 
by  the  whole  length  of  the  straight  line  ;  or,  what  is  the  same  things 
to  multiply  the  sum  of  sll  the  offsets  by  the  common  distance  be- 
tween them.  This  will  he  correct  only  when  the  offiets  at  each 
end  of  the  line  are  nothing,  i.  e,  when  the  curved  line  etartfl  from 
the  straight  line  and  returns  to  it  at  the  be^nning  and  end  of  one 
of  the  equal  distances.  In  all  other  cases  it  will  give  too  much. 
A  second  rule  directs  the  surveyor  to  divide  &&  sum  of  all  the  off- 
sets by  their  nimiber,  and  then  to  multiply  the  quotient  by  the 
whole  straight  line.  This  may  ^ve  too  much,  or  too  little,  accord- 
ing to  circiimskncea. 

Suppose  ofeets  of  10,  30,  20,  80,  50,  30,  links,  to  have  been 
taken  at  equal  distances  of  a  chain.  The  correct  content  of  the 
enclosed  space  is  200  X  100  =  2  square  chains.  The  first  of  the 
above  rules  would  ^ve  2.2  square  chdns,  and  the  second  would 
give  1.8333  chains. 


(123)  Medueing  to  one  triangle  the  many-sided  figure  which  is 
formed  by  the  offeets,  is  the  method  of  calculation  sometimes  adopted. 
This  has  been  fully  explained  in  Part  I,  Art.  (78),  &c.  The 
method  of  Ai-t.  (83)  is  best  adapted  for  this  purpose. 


(124)  Equalising,  or  giving  and  taking,  is  an  approximate 
mode  of  calculation  much  used  by  practical  surveyors.  A  crooked 
line,  determined  by  offeets,  havmg  been  platted,  a  straight  line  is 
drawn  on  the  plat,  across  the  crooked  line,  leaving  as  miicb  space 
outside  of  the  straight  line  as  ii^ide  of  it,  as  nearly  as  can  be  esti- 
mated by  the  eye,  "Equalimig"  it,  or  "Giving  and  taking"  equal 


portions.  The  straight  line  is  best  determined  by  laying  across 
the  irregular  ovitline  the  straight  edge  of  a  piece  of  transparent 
horn,  or  tracing  paper,  or  glass,  or  a  fijie  tba-ead  or  horse-haif 
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strecelied  straight  by  a  light  bow  of  whalebone.  In  practical 
hajids,  this  method  is  sufficientlj  accm-ate  ia  most  cases.  The  stu- 
dent will  do  well  to  try  it  on  figures,  the  content  of  which  he  has 
previously  ascertained  by  perfectly  accurate  methods. 

Sometimea  this  method  may  be  advantageously  combined  with 
the  preceding;  short  lengths  of  the  croooked  boundary  being 
"  Equalized,"  and  the  fewer  resulting  zigzags  reduced  to  one  line 
by  ill©  method  of  Art.  <"78>,  &c. 


CHAPTER  IV. 


SCRVEYIJVG  ISV  THE  PRECEMSG  METHODS  COMBINED. 

125)  All  the  methods  which  have  been  explained  in  the  three 
preceding  chapters — Surveying  by  Diagonals,  by  Tie-lines,  and 
hy  J'm^mdiculars,  particularly  in  the  form  of  o&ets — are  fre- 
quently required  in  the  same  survey.  The  method  by  Diagonals 
should  be  the  leading  one ;  in  some  parts  of  the  survey,  obstacles 
to  the  measurement  of  diagonals  may  require  the  use  of  Tie-lines  ; 
and  if  the  fences  are  crooked,  str^ght  lines  are  to  be  measured 
near  them,  and  their  crooks  determined  by  Onsets. 

(!26)  Offsets  are  necessary  additions  to  almost  every  other 
method  of  surveying.  In  the  smallesi  field,  surveyed  by  diagonals, 
(iiJesa  all  the  fences  are  perfectly  straight  lines,  their  bends  must 
be  determined  by  oflsets.  Tlie  plat  (scale  of  1  chain  to  1  inch), 
and  field-notes,  of  such  a  case  are  given  below.     A  suiEcient  num- 
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ber  of  the  sidea,  diagonals,  aiid  proof-IincSj  to  prove  the  irorkjshould 
be  platted  before  platting  the  offsets. 

Fig.  73. 


C 

1 

360 

fi 

31o 

IC 

275 

.•i 

215 

0 

150 

11 

116 

10 

80 

5 

65 

8 

B 

or 

B 

1 

125 

11 

SO 

■     ■£■ 

62 

12 

22 

0 

A 

1 

0 

'. 

310 

A 

r 

A 

i; 

248 

i    11 

180 

i       0 

105 

0 

65 

5 

i> 

or 

D 

1, 

135 

.    16 

110 

3    1.» 

90 

•     i: 

60 

0 

30 

0 

0 

or 

Example  13.     Required  the  con- 
tent of  the  above  field.         Ans. 


(127)  FicM-l)0»ks.  The  diffiGultij  and  the  imporcance  of  keep 
ing  the  Field-notes  clearly  and  distinctly,  increase  with  each  new 
combination  of  metliods.  Tor  this  reason,  three  different  methods 
of  keepng  the  Field-notes  of  the  same  survey  will  now  he  ^ven, 
(from  Bourns'  Surveying),  and  a  careful  comparison  by  the  stu- 
dent of  the  eoiTOsponding  portions  of  each  ttIU  he  very  profitable 
to  him. 
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Mddr'Book  M.  1  (Fig.  74)  shews  tlie  Sketeh  methocl,  explab 
ed  m  Art.  (94). 
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Field-BooJn  No.  2  (Fig.  75)  shews  the  Columii  rae^iod,  eznlaiih 
ed  in  Art.  (95). 
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FIELD-BOOK  Ko.  3. 


Lpart  II 


MdiBooh  No.  3  (Tig.  76)  Is  a  convenient  combinaljon  of  th» 
two  preceding  methods.  TKe  bottom  of  tliQ  Book  ia  at  tlio  M<le  of 
thia  figure,  at  A. 
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(128)  It  will  easily  appear  from  the  sketch  of  Field-book  Ko.  1, 
how  much  time  and  labor  may  be  saved,  or  lost,  by  the  manner  of 
doing  the  work.  Tims,  beginning  at  A,  and  measuring  760  Unks, 
a  pole  should  be  left  there,  and  the  line  to  the  right  measured  tc 
17  chains,  or  0,  leaving  a  pole  at  12,30  as  a  new  starting  point  by 
and  by.  Then  from  C  measure  19  chains  to  A  again ;  then  mcaf 
sure  from  A  to  E,  and  from  B  back  to  the  pole  left  at  7.50  on  tlie 

(129)  Tlie  example  which  will  now  be  ^ven  shows  part  of  the 
Keld-notes,  the  plat,  (on  a  scale  of  6  inches  to  1  milo  [1: 10,560 j), 
and  a  partial  calculation  of  the  "  Klling  up"  of  a  large  triangle, 
the  angular  points  of  which  are  supposed  to  have  been  determined 
by  the  methods  of  Geodesie  Surveying.  They  should  be  well 
studied.* 


*  Capt.  FsoHE,  in  his  "  Trigonometrical  Survey,"  from  wliicli  this  example 
has  been  condensed,  reraarkB,  "  It  may,  perliaps,  be  thought  thai  too  much  slreai 
islaidonjVffis;  but  meffeii  is  a  most  eaaential  part  of  on  andeiiaking  of  magni. 

nil  tiie  moat  trifling  detailB,  the  work  never  coulilgo  on  creditably." 
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In  the  above  specimen  of  a  fleld-tiook,  (which  resembles  that  on 
page  85),  all  offsets,  except  those  having  relation  to  the  boundary 
lines,  are  piarposely  omitted,  to  prevent  confusion,  the  example 
beiag  given  solely  to  illustrate  the  method  of  calculating  these 
larger  divisions.  Rough  diagrams  are  drawn  in  the  field-book  not 
to  any  scale,  but  merely  bearmg  some  sort  of  resemblance  to  the 
hnes  measured  on  the  ground,  for  the  purpose  of  showing,  at  any 
period  of  the  work,  their  directions  and  how  they  are  to  be  connects 
ed ;  and  also  of  eventaally  assisting  in  laying  down  the  diagram 
and  content  plat.  On  these  rough  diagrams  are  written  the  dis- 
tJQctive  letters  by  which  each  line  is  marked  in  the  field-book,  and  also 
its  lengtJi,  and  the  distances  between  points  marked  upon  it,  from 
which  other  measurements  branch  off  to  connect  the  interior  po]> 
tions  of  ihe  district  surveyed. 


(130)  Calculations,  The  calculation  of  one  of  the  figures,  Ht, 
is  given  bolowin  detail.  It  is  composed  of  the  triangle  DPQ,  with 
offsets  along  the  sides  PQ ;  and  of  the  triangle  ItWX,  with  oflseta 
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along  tiie  sides  PW.and  WX.  From  the  content  tliua  obtained 
must  be  Subtracted  the  offeets  on  PQ,  belon^g  to  tlie'  figure  JJ,, 
and  those  on"VTX  belonging  to  the  figure  US-  ^Vhen  the  ofiaetg 
are  triangles,  (right  angled,  of  course),  the  base  and  perpendicular 
are  put  down  as  two  sides ;  when  they  are  trapezoids,  the  two 
parallel  sides  and  the  distance  between  them  occupy  the  colunma 
of  "  sides." 


THJAKGLE 

OB, 
TRAPEZOID. 


DPQ 
PQ 


PW 


PQ 


1st 


Total  Additives, 


Total  Suhtraetives, 
Total  Additives, 


Differ, 
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.3280 
.3240 
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61.8339 
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.8192 
.4784 
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1.1680 


1.3456 
.2816 
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The  otLer  figures,  comprised  ■mtbin  tiie  large  triangle,  are  record- 
ed and  calculated  in  a  siuular  manner.  An  abridged  register  of 
the  results  ia  ^veii  below. 


DIVISION. 

ADDITIVES. 

SU]iTR.40TIVE. 

MPFBRBNCE  IH 
SQUABE  CHAINS. 

.     1 

and  offsets. 

DWX 
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and  offsets. 

[  140.4803 

.     1 
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DPQ 
andoffeets.   • 

j  100.1882 

.      ) 
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and  offsets. 

and  offsets. 
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•i 

HTN 

NEM 
and  offsets. 

Offsets. 

I  81.6307 

n     1 

CNS 
and  offsets. 

HTN 

and  offsets. 

j  109.5064 

m     j 

DPQ 

DWX 

and  offeets. 

OtSets. 

j  137.1271 

nM, 672.9195        | 

The  accuracy  of  the  preceding  calculations  of  the  separate  figures 
must  now  be  tested  by  comparing  the  sum  of  their  areas  with  that 
of  the  large  triangle  AOD,  which  comprises  them  all.  Their  area 
must  previously  be  increased  by  the  offsets  on  the  lines  OS  and  CH, 
which  Lad  been  deducted  from  H,  and  which  amount  respectively 
to  3.5270  and  2.8690.  The  total  areas  will  then  equal  679.8155 
square  chains.  That  of  the  triangle  AOD  is  679.5032 ;  a  difier- 
ence  of  less  than  a  fifth  of  a  square  chain,  or  a  fiftieth  of  an  acre  ; 
or  abovtt  one-fortieth  of  one  per  cent,  on  the  total  area. 


(121)  The  sis  lines.  In  moat  cases,  great  or  small,  sta;  fmir 
dainmtal  lines  wiU  need  to  he  measured ;  viz.  four  approximate 
boundary  lines,  forming  a  quadrilateral,  and  its  two  diagonals.. 
Small  triangles,  to  determine  prominent  points,  can  be  formed  within 
and  without  these  main  lines  by  the  First  Method,  Art.  (5), 
and  the  lesser  irregularities  can  be  determined  by  offsets. 
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Thus,  in  the  above  figure,  two  straight  liaea  AB  and  CD  are 
measured  through  the  entire  length  and  breadth  of  the  farm,  or 
township,  which  is  to  he  surveyed.  The  connecting  lines  AC,  OB, 
BD  and  DA  are -also  measured,  uniting  the  extremities  of  the 
first  two  hues.  The  last  four  lines  thua  form  a  quadrilateral,  which 
is  divided  into  two  triangles  hy  one  of  the  first  measured  lines, 
■while  the  second  serves  as  a  proof-lme.  The  distance  from  the 
intersection  of  the  two  diagonals  to  the  extremities  of  each,  being 
measured  on  the  ground  and  on  the  plat,  affords  an  additional  test. 

Other  points  of  the  distiiet  surveyed  (as  E,  G-,  K.,  &c.,  in  the 
figure,)  are  determined  by  measuring  the  distaaices  from  them  to 
known  points  (as  M,  N,  P,  E,  &c.,  in  the  figure)  situated  on  soma 
of  the  eix  fundamental  hnos,  thua  forming  the  triangles  T,  T. 

The  intersection  0  of  the  main  diagonals,  and  also  the  intersec- 
tiona  of  the  various  minor  lines  wth  the  main  lines  and  with  each 
other,  shoiold  all  bo  carefully  noted,  as  additional  checks  when  tha 
work  comes  to  be  platted. 
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The  larger  figures  are  determiried  first,  and  tlie  smaller  onea 
based  «pcai  them,  in  accordance  with  this  impoi^tant  principle  in 
all  aurvejing  operations,  always  to  work  from  tho  whole  to  the 
parts,  and  from  greater  to  less.  The  unaYoidahle  inaccuraciea  are 
thns  subdivided  and  diminished.  The  opposite  course  would  accu- 
mulate  and  magnify  them. 

These  additional  lines,  which  form  secondary  ti-iamglea,  should 
be  80  chosen  and  ranged  as  to  pass  through  and  near  as  many  ob- 
jecta  as  possible,  in  order  to  require  as  few  and  as  short  o^ets  as 
the  position  of  the  linea  will  permit ;  the  smaller  irregularities  being 
determined  by  offsets  as  usual.  It  ia  better  to  measure  too  many 
fines  than  too  few,  and  to  establish  unnecessary  "  false  stations," 
rather  than  not  to  have  enough. 


(IS2)  Hsceptional  casest  The  preceding  arrangement  of  lines, 
though  in  most  eases  the  best,  may  somethnes  be  varied  with  ad- 
vantage. Unless  the  farm  surveyed  he  of  a  shape  nearly  as  broad 
as  long,  the  two  diagonals  will  cross  each  other  obliquely.  Instead 
of  nearly  at  right  angles, 


"When  the'farm  is  much 
longer  than  it  is  wide,  two 
systems,  of  six  lines  each, 
may  be  used  with  much 
advantage,  as  in  Rg.  79. 
Several  such  may  be  com- 
bined when  necessary. 


In  a  case  like  that  in  Pig. 
■80,  five  lines  will  be  better 
than  ^x,  and  wiU  tie  one  an- 
othfir  together,  their  po 
intersection  being  carefully 
noted, 


Hosted  by 


Google 


CHAP.  17.]         Diagonals,  Tic-lincs  and  Offsets. 


In  the  farm  represented  in 
Fig.  81,  the  system  of  Imea 
there  shown  is  tho  best,  and 
&ej  Tvill  also  tie  one  another. 


<[133)  Much  difficulty  wilt  often  be  fonnd  m  ran^g  and  mea- 
enring  the  long  lines  rec[uired  hj  this  method  in  extensive  survej^. 
Yarioiis  contrivances  for  overcoming  the  ohsta«]es  which  may  he 
met  wilii,  Tvin  he  explained  in  the  following  chapter.  It  Trill  often 
be  convenient  to  measure  the  minor  lines  along  roads,  lanes, 
patlis,  &c.,  although  thej  may  not  lie  in  tlie  most  desirable  direc- 
tions. Steeples,  chimneys,  remarkable  trees,  and  other  objects  of 
that  character,  may  often  be  sighted  to,  and  the  hne  measured  to- 
wards them,  with  much  saving  of  time  and  labor.  The  point  where 
the  measured  lines  cross  one  another  should  always  be  noted,  and 
they  will  thus  form  a  very  complete  series  of  tie-lines.* 

A  view  of  the  district  to  be  surveyed,  taken  from  soiae  elevated 
position,  will  be  of  much  as^staace  in  planning  the  general  direc- 
tion of  the  lines  to  be  measured. 


(134)  liiaccessililc  4r<'a'«. 
A  combination  of  offsets  aul 
fcie-Iines  supphes  an  e'l^y  me- 
thod of  surveying  an  zaii.  ts 
sihU  area,  such  as  a  pond, 
swamp,  forest,  block  of  houses, 
&c.,  as  appears  from  the  fi 
gure;  in  which  external  bomid 
JEg  lines  are  taken  at  will  ani 


;e  lines,  which  are  only  '  TJanal 


*  To  fiad  file  exact  poiut  of  inteisecliDD  of  tl 
lines,"  (explained  in  Art,  (19),)  three  persona  t       .  . 

point  of  one  of  the  lines  and  sigliia  to  some  other  point  on  it  i  a  second  does  the 
same  on  tlie  second  line ;  by  signs  they  dn-ect,  to  ci^hl  or  left,  the  moveraenla  of  a 
third  person,  who  holds  a  rod,  till  he  is  placed  ill  both  of  the  lines  and  thnl  at 


their 


of  A 


.(II). 
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measiii-ed, and  tied  by  "tie-lines"  measured  between  these  lines, 
prolonged  when  necesaarj,  as  in  Art.  (101),  while  offsets  from 
them  determine  the  irregularities  of  the  actual  boundaries  of  the 
pond,  &c. 

These  offsets  are  iiisets,  and  their  content 
subtracted  from  the  content  of  the  principEf]  fi; 

Even  a  circular  field  might  thus  he  approxim 
tha  outsicle. 

If  the  shape  of  the  field  admits  of 
it,  it  ■will  be  preferable  to  measure  ( 

four  lines  about  the  field  in  such 
directions  as  to  enclose  it  in  a  rect-  ^ 

angle,  and  to  measure  offsets  from  the 
ades  of  this  to  the  angles  of  the 
field. 


is,  of  course,  to  be 

jure, 

itely  measured  from 


Fig.  83. 


(133)  When  one  of  the  lines  ivith  which 
an  inaccessible  field  is  surrounded,  as  m 
the  last  two  figures,  cuts  a  comer  of  the 
field,  as  m  I'ig.  84,  the  triangle  ABC  is 
to  be  deducted  from  the  content  of  the 
enclodng  figure,  and  the  triangle  CDE 
added  to  it.  The  triangle  DEF  is  also 
to  be  added,  and  the  triangle  FGH  de- 
ducted. To  do  this  directly,  it  would  be 
necessary  to  find  the  points  of  intersection . 
C  and  F.  But  this  may  be  difficult,  and 
can  be  dispensed  with  by  obtaining  the 
difference  of  each  pair  of  triangles.  The 
difference  of  ABC  and  CDE  will  be  ob- 
tained at  once  by  multiplying  the  differ- 
ence of  the  offsets  AB  and  DE  by  half  of  BE ; 
of  DEF  and  FGH  by  multiplying  the  difference  of  DE  and  GH 
by  half  of  EG.* 


the  differenca 


^e^xH™  +  cb) 
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(136)  Roads.     A  "winding  Road  may  also  be  surveyed  thus,  a 
IS  slioivn  in  Fig,  85 ;  straight  lines  being  measured  in  the  road 

Fig.  So. 


their  changes  in  direction  determined  by  tie-lines,  tying  one  line  to 
the  preceding  one  prolonged,  aa  explained  in  Chapter  II,  of  this 
Part,  and  points  in  tlie  road-fences,  on  each  side  of  these  straight 
lines,  being  determined  by  of&eta. 


A  Rirer  may  also  be  supposed  to  be  represented  by  the  above 
winding  lines ;  and  the  lower  set  of  lines,  lied  to  one  another  as 
before,  and  with  offsets  from  them  to  the  water's  edge,  will  be  suf- 
ficient for  making  an  accurate  survey  of  one  side  of  the  river. 


(137)  Towns.  A  town  could  be  surveyed  and  mapped  in  tlie 
same  manner,  by  measuring  straight  lines  through  all  the  streets, 
determining  their  angles  by  tie-lines,  and  taking  oSscts  from  them 
bo  the  blocks  of  houses. 
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OBSTACLES  TO  SlEASUUBMEiYf  M  €MAM  SSIMEITSG. 

(138)  In  the  practice  of  the  various  metKoda  of  surveying  whieli 
have  been  explained,  tke  HOs  and  valloyg  which  are  to  he  ci-osged, 
the  sheets  of  water  ivhich  are  to  be  passed  over,  the  vfoods  and 
houses  which  are  to,  be  gone  through — all  these  form  oistades  to 
the  measurement  of  the  necessary  lines  which  are  to  join  certain 
points,  or  to  he  prolonged  in  the  same  direction.  Many  special 
precautions  and  contrivances  are,  therefore,  rendered  necessary  ; 
and  the  best  methods  to  be  employed,  when  the  chain  alone  is  to 
be  used,  will  be  given  in  the  present  chapter. 

(!30)  The  methods  now  to  be  given  for  overcoming  the  various 
obstacles  met  with  in  practice,  constitute  a  Lahd-Geometry. 
Ita  problems  are  performed  on  the  ground  instead  of  on 
paper :  its  compasses  are  a  chain  fixed  at  one  end  and  free  to  swing 
around  with  the  other;  its  scale  is  the  chain  itself;  and  its  ruler 
is  the  same  chain  stretched  tight.  Its  advantages  are  that  its  sin- 
gle instrument,  (or  a  substitute  for  it,  such  as  a  tape,  a  rope,  &c.) 
can  be  found  anywhere ;  and  its  only  auxiharies  are  equally  easy 
to  obtain,  being  a  few  straight  and  slender  rods,  and  ft  plumb-line, 
for  which  a  pebble  suspended  by  a  tliread  is  a  sufficient  suhstitute. 

Mpny  of  these  problems  require  the  employment  of  perpendicu- 
lar and  parallel  lines.  For  this  reason  we  will  commence  with  this 
class  of  Probiems. 

The  Demonstrations  of  these  problems  will  be  placed  in  an  Ap- 
pendis  to  this  volume,  which  ivill  be  the  most  convenient  arrange- 
ment for  the  two  great  classes  of  students  of  surveying ;  ttiose  who 
wish  merely  the  practice  witliout  the  principles,  and  those  who  wbh 
to  secure  both. 

The  elegant  "  Theory  of  Transversals"  will  be  an  important  ele- 
ment in  some  of  these  demonstrations.  All  of  them  will  constitute 
excellent  exercises  for  students. 
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PROBLEMS  ON  PERPENDICULARS.* 

Problem  I<     To  erect  a  perpendicular  at  any  point  of  a  line. 

(140)    I'irst  Method.     Let  A   be   the  Fig.  86. 

point  at  wliich  a  perpendicular  to  the  line  ia 
to  be  set  out.  Measure  off  equal  distances 
AB,  AC,  on  each  side  of  the  point.  Take  , 
a  portion  of  tiie  chain  not  quite  1^  timea  as 
ling  33  AB  or  AC,  fix  one  end  of  tMs  at  B, 
and  describe   an  arc  with  the  o'Jier  end.  ^ 

Do  the  same  from  C.  The  intersection  of  these  arcs  will  fix  a  point 
D.  AD  will  be  the  perpendicular  requii-ed.  Repeat  the  operation 
on  the  other  side  of  the  line.  If  that  is  impossible,  repeat  it  on 
the  side  with  a  different  length  of  chain. 


({41)  Second  MeiJiod.  Measure  off  as  be- 
fore, equal  distancea  AB,  AC,  but  each  about 
only  one-third  of  the  chain.  Fasten  the  ends 
of  the  chain  ivith  two  pins  at  B  and  C .  Stretch  ^ 
it  out  on  one  side  of  the  line  and  put  a  pin  at  the 
middle  of  it,  D.  Do  the  same  on  the  other 
siiJe  of  the  line,  and  set  a  pin  at  E.  Then  is  DE  a  perpendicular 
to  BC.  If  it  is  impossible  to  perform  the  operation  on  both  sides 
of  the  line,  repeat  it  on  the  'same  side  mtli  a  different  length  of 
chain,  as  sliown  by  the  lines  BF  and  CF  in  the  figure,  so  as  to  get 
a  second  point. 


(142)   Other  Methods.     All  the  methods  to  be  ; 
next  problem  may  be  applied  to  this. 


,  for  the 


Mnnyof  iheee  nielhods  would  aeltlom  bereqnii*ed  in  praclice,  but  cases  somu- 
times  ccEur,  as  eyeij  surveyor  of  muoU  espenenoe  in  Field-Woi'fc  bas  foand  ID 

forbids  Bry  of  the  uauel  methods  being  applied.      In  such  casaa  the  collection  here 
given  will  be  foand  of  great  value. 

In  all  the  Sgavea,  the  given  and  menfnred  lines  are  drctwn  with  line  full  lines , 
the  visual  lines,  or  lines  of  sight,  with  broten  lineB,  and  tlie  lines  of  the  reaalt 
with  heavy  full  lines.  The  points  which  are  centres  aronnd  which  the  chain  ia 
swung,  are  enclosed  in  circles.  The  alphabetical  order  of  the  letlera  attached  to 
tha  points  shows  in  what  order  ihey  are  taken, 

I 
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Problem  2.  To  erect  a  perpendicular  to  a  lim  at  a  given  point, 
when  the  point  is  at  or  near  the  end  of  the  line. 

(14S)  Mrst  Method.  Measure 
40  linta  along  the  Une.  Let  one  as- 
sistant hold  one  end  of  the  chain  at 
that  point ;  let  a  second  hold  the  20 
lint  mark  which  is  nearest  the  other 
end,  at  the  given  point  A,  and  let  a 
third  take  the  50  link  mark,  and 
tighten  the  chain,  drawing  equally  on  both  portions  of  it.  Then 
TTJll  the  60  lint  mark  be  in  the  perpendicular  desired.  Repeat 
the  operation  on  the  other  side  of  the  line  so  as  to  test  the  work. 

The  above  numbers  are  the  most  easily  remembered,  but  the 
longer  the  lines  measured  the  better  ;  and  nearly  tiie  whole  chain 
may  be  used,  thus :  Fix  down  the  S6th  link  from  one  end  at  A, 
and  the  4th  link  from  the  same  end  on  the  line  at  B.  Fix  the 
other  end  of  the  chdn  also  at  B.  Take  the  40th  link  mark  from 
this  last  end,  and  draw  the  chain  tight,  and  this  mark  will  be  in 
the  perpendicular  deshed.  The  sides  of  the  triangle  formed  by 
the  chain  will  be  24,  82  and  40. 

(144)  Otherwise  :  using  a  50  feet 
tape,  hold  the  16  feet  mark  at  A ; 
hold  the  48  feet  mark  and  the  ring- 
end  of  the  tape  together  on  the  line ; 
take  the  28  feet  mark  of  the  tape,  and 
draw  it  tight ;  then  will  the  28  feet  ■_ 
mark  be  in  the  perpendiculai'  desired. 

(145)  Second  Metltod.  Hold  one  end 
of  the  chain  at  A  and  fix  the  other  end  at  a 
point  B,  taken  at  will.  Swing  tlxe  chain 
around  B  as  a  centre,  till  it  again  meets  tlic 
line  at  C.  Then  carry  the  same  end  around 
(the  other  end  remaining  at  B)  till  it  comes 
in  the  line  of  CB  at  D.  AD  is  the  perpen- 
dicular required. 
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(1.16)  Third  Method.  Let  A  to  the  ^ven 
point.  Ckoose  any  point  B.  Measure  BA. 
Set  off,  on  file  given  line,  AC  =  AB.     On  CB 

produced  set  off  fi.'om  C,  a  distance  =  — pS-  ■ 

This  will  fix  tiie  point  D,  and  AD  will  be  tlie 
perpendicular  recLuired. 


<I47)  I'ourtJi  Method.  Trom  tlie 
given  point  A  set  off  on  tiio  giTen  line 
anj  distance  AE.  From  B,  in  any 
convenient  direction,  set  off  BO  —  AB. 
Then  on  the  given  line,  set  off  AD  = 

AC.  On  CB  prolonged,  set  off  CE  = 

AD.  Join  DE ;  and  on  DE,  from  D,  set  off  DF  =  2  AB.     Then 
will  fihe  line  AF  be  perpendiciUar  to  the  line  AD  at  the  point  A. 

Problem  3.  To  erect  a  perpendicular  to  an  maccessiUe  line, 
at  a  given  point  of  it. 

(148)  Mrst  3fet}iod.  Get  points  in  tlie  direction  of  the  inac- 
cessible line  prolonged,  and  from  them  set  out  a  parallel  to  the  line, 
by  methods  ivhich  are  given  in  Art.  (165),  &c.  Find  by  tiial  the 
point  in  which  a  perpendicular  to  this  second  line  (and  therefore  to 
the  first  line)  wHI  pass  through  the  required  point. 

(149)  Second  Method.  If  the  Ime  is  not  only  inaccessible, 
but  cannot  have  ita  direction  prolonged,  the  desired  perpendicular 
can  be  obtained  only  by  a  complicated  trigonometrical  operation. 


Problem  4.     To  let  fall  a  perpendimlar  fro 
a  given  line. 

(150)  First  Method.  Let  P 
the  ^ven  pomt,  and  AE  the  given 
line,  Measnre  some  distance,  a  chain 
or  less,  from  C  to  P,  and  then  fix  one 
end  of  the  chain  at  P,  and  swing  it 
around  till  the  same  distance  meets 


t  given  jmnt  (# 
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the  line  at  some  point  D.  Tb.c  middle  point  E  of  tlie  distance  CD 
will  bo  tlio  required  point,  at  wliieh  the  perpendicular  from  P 
would  meet  the  Ime. 


I  of  it, 


(151)   Second  Method.     Stretch  a  chain,  or  a  portiot 
from  the  given  point  P,  to  some  point,  as  A,of  the  ^'S- ' 

^Ten  line.     Hold  the  end  of  the  distance  at  A, 
and  swing  round  the  other  end  of  the  chain 
from  P,  so  aa  to  set  off  the  same  distance  along 
tiio  ^ven  line  from  A  to  some  point  B,     Mea-   ■ 
sure  BP.     Then  i^ill  the  distance  BO  from  E  to  the  foot  of  tlie 

BP2 
desired  perpendicular  =  ^-yu-. 


(152)    Other  Methods.     All  the  methods  given  in  the  next 
problem  caa  be  applied  to  this  one. 


ProWem  5.     To  letfallaperpemMcular  to  a  line,  from  a  point 
nearly  opposite  to  the  end  of  the  line. 


(153)  First  Method.     Stretch  a  chain  from  the  given  point  P, 
to  some  point,  as  A,  oftiie^venline.    Fix  to  Fig,  95. 

the  ground  the  middle  point  B  of  the  chain 
AP,  and  swing  around  the  end  which  was  at 
P,  or  at  A,  till  it  meets  the  given  Ime  in  a  >■-> 

pomt  0,  which  will  be  the  foot  of  the  re-  y"^^ 

quired  perpendicular.  a-.. 


(134)  Seaond  Method.  Take  any  point, 
as  A,  on  the  given  line.  Measure  a  dis- 
tance AB.  Let  tho  end  of  this  distance 
on  the  chahn  be  held  at  B,  and  swing  around 
the  end  of  the  chain,  till  it  comes  in  the 
line  of  AP  at  some  point  C,  thus  maMng  BC  =  AB.  Measure 
AC  and  AP.  Then  the  distance  AD,  from  A  to  the  foot  of  the 
APxAC 


perpendicular  required  = 


2  AB 
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(153)  TJdrd  Method.  At  any  eoiiTenieiit 
point,  as  A,  of  the  given  line,  erect  a  perpen- 
dicular, of  any  convenient  length,  as  AB,  and 
mark  a  point  C  on  the  given  line,  in  the  line 
of  P  and  B.  Measure  OA,  CB  and  CP. 
Then  the  distance  from  C  to  the  foot  of  the 

perpendicular,  i.  e.  CD  ^  - 


CB 


W 
W 


FrftWcm  6.      To  let  fall  a  peiyendieular  to  a  line,  fro 
inacGessible  point, 

(156)  First  Method.     Let  P  be  the  gi^ai  F'    ''=< 

point.  At  any  point  A,  on  the  given  line,  set  out  %» 

a  perpendicular  AB  of  any  convenient  length 
Prolong  it  on  the  other  side  of  the  bne  the 
same  distance,  Mark  on  the  given  hne  a 
point  D  in  the  hne  of  PB ;  and  a  point  E  m  If 
the  line  of  PC.  Mark  the  point  F  at  the  in- 
tersection of  DO  and  BE  prolonged.  Tkf  hne 
FP  J3  the  line  required,  being  perpendicuhi 
to  the  gven  Ime  at  the  point  G. 


(157)  iSeeond  Method.  ■  Let  A  and  B 
he  two  points  of  the  ^ven  line.  From  A 
let  fall  a  perpendicular,  AC,  to  the  visual 
line  BP ;  and  from  B  let  fall  a  perpendi- 
cular, BD,  to  the  visual  line  AP.  Find 
the  point  at  which  these  perpendiculars 
int9rsect,aflatE(8eeArt.(l33)),andtiie 
line  PB,  prolonged  to  F,  -will  give  the 
perpendicular  required. 


Problem  ?.      To  let  fall  a  perpendicular  fi-om  a  givm  point  t 
ifi  inaccemihle  line. 
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(158)  First  Method.  Let  P  be 
the  given  point  and  AB  the  given  - 
line.  By  the  preceding  problem,  let 
fiJl  perpendiculars  from  A  to  BP,  at 
C;  and  from  B  to  AP,  at  D;  the 
line  PE,  passing  from  the  ^ven  point 
to  tKe  interseotioQ  of  theae  perpondieulara,  13  the  des 
cular  to  the  inaccesaible  line  AB. 

Thia  method  nill  apply  when  only  tw^  points  of  the  line  are 


(159)  Second  Method.  Through  the  given  point,  set  out,  by 
the  methods  of  Art.  (165),  &c.,  a  line  parallel  to  the  inaccessible 
iuie.  At  the  ^vert  point  erect  a  perpendicular  to  the  parallel  line, 
and  it  iviU  be  the  required  perpendicular  to  the  inaccessible  line. 

PROBLEMS  ON  PARALLELS, 

l']"oblem  1,  To  rim  a  line,  from  a  given  point,  parallel  to  a 
given  line. 

(160)  Mrst  Method.  Let  fall  a  perpendicular  from  the  point 
to  the  line.  At  another  point  of  the  line,  as  far  off  as  posable, 
erect  a  perpendiculai-,  equal  in  length  to  the  one  just  let  fall.  The 
line  joining  the  end  of  tliis  line  to  the  given  point  will  be  the  paral- 
lel required. 

(161)  Second Metlwd.     LetABbo  ^'i- 101. 
the  given  line,  and  P  the  given  point,   a,  - 
Take  any  point,  as  0,  on  the  ^ven  Ime, 
and  from  it  set  off  equal  distances,  as 
long  as  possible,  CD  on  the  given  lino, 
and  CE,  on  the  line  OP.     Meaani'e 


DE.  From  P  set  off  PF  =  CE ;  and  from  F,  mih  a  distance  =. 
DE,  and  from  P,  with  a  distance  =  CD,  describe  arcs  intersect- 
ing in  Gf.  PG-  will  be  the  parallel  required.  If  it  is  more  con- 
venient, PC  may  be  prolonged,  and  the  equal  triangle,  CDE,  be 
formed  on  the  other  side  of  tlie  line  AB. 
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(162)  TMrd  Method.  Mcasm-e  from 
P  to  any  point,  as  C,  of  tJie  given  line,  and  ^ — ^ 
put  a  mark  at  the  midtOe  point,  D,  of  that 
line.  From  any  point,  as  E,  of  the  given 
hne,  measm-e  a  Eno  to  the  point  D,  and  con- 
tinue it  tiU  DP  =  DE.  Then  wiU  the  line 
PP  be  parallel  to  AB. 


(!63)  Fourdi  Metlwd.  Measure  from 
P  to  any  point  C,  of  the  given  line,  and 
continue  the  meaauremont  till  CD  =  CP. 
From  D  measure  ta  any  point  E  of  the 
^ven  line,  and  continue  the  measurement 
bill  EF  =  ED.  Then  will  the  line  PF 
be  parallel  to  AB.  If  more  convenient, 
CD  may  be  made  one-half,  or  any  other  fraction,  of  CP,  and  EF 
be  then  made  twice,  See.,  DE. 

(164)   Fifth  Method.      From   any  ^'S- 1^. 

pohit,  as  0,  of  the  line,  set  off  equal  A. — ^j::;^ ; 'pr'^ 

distances  along  the  hne,  to  D  and  E. 

Take  a  point  F,  in  the  Ime  of  PD. 

Stake  cut  the  lines  FC  and  FE,  and  '•>,  !  /' 

also  the  lino  EP,  crossing  the  line  CF  "^ 

in  the  point  G.     Lastly,  prolong  the  line  DGr,  till  it  moeta  the 

line  EP  in  the  point  H.     PH  is  the  parallel  required. 

Problem  2.     To  run  a  line  from  a  given  ^oint  parallel  to  an 


r:^" 


(165)  Mrst  Method.  Let  AB 
be  the  given  line,  and  P  the  given 
point.  Set  a  stake  at  0,  in  the  line 
of  PA,  and  another  at  any  conven- 
ient point,  D.  Through  P,  set  out, 
by  the  preceding  problem,  a  parallel 
to  DA,  and  set  a  stake  at  the  point, 
m  E,  where  tins  parallel  intersects  DO  prolonged.     Through  E 
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set  out  a  parallel  to  BD,  and  set  a  stake  at  the  point  F,  where  this 
parallel  intersects  BO  prolonged.     PF  is  tke  parallel  required 

(186)  Second  Method.    Set  a  stake  F's-  loe-     ^ 

at  aay  point,  C,  in  the  line  of  AP,  and  ^:_ 
another  at  any  convement  place,  as  at  D. 
Through  P  sei;  out  a  parallel  to  AD, 
intersecting  CD  in  E,  Through  E  set 
out  a  parallel  to  DE,  intersecting  CB  in 
F.  The  line  PF  will  be  the  parallel  re- 
quired. 

(16T)  Aliaemcnt  and  Measurement.    We  a 

having  secured  a  variety  of  methods  for  setting  out  Perpendi:nlar3 
and  Parallels  in  every  probable  case,  to  take  up  the  general  sub- 
ject of  overcoming  Obstacles  to  Measurement. 

Before  a  line  can  be  measured,  its  direction  xaasii  be  determined. 
This  operation  is  called  Ranging  the  line ;  or  Alimng  it ;  or 
Boning  it.*  The  word  AUnementf  will  be  found  very  convenient 
for  expressing  the  direction  of  a  line  on  the  ground,  whether 
between  two  points,  or  in  their  direction  prolonged. 

This  branch  of  our  subject  naturally  divides  itself  into  two  parts, 
iJie  first  of  which  is  preliminary  to  t!ie  second ;  via  : 

i.  Of  Obstacles  to  Alincment ;  or  Jww  to  establish  the  direo- 
Htm  of  a  line  in  any  situation. 

II.  Of  Obstacles  to  Measurement ;  or  how  to  find  the  length  of 
a  line  which  cannot  be  actually  measured, 

I.    OBSTACLES  TO  ALINEMENT. 
(168)  All  the  cases  which  can  occur  imder  this  head,  may  bo 
reduced  to  two  ;  Vm: 

A.  To  find  pomts  in  a  line  leyond  the  given  points,  i.  e.  to 
prolong  the  line. 

B.  To  find  points  in  a  line  between  two  ^ven  points  of  it,  \.  e. 
to  inUrpolate  points  in  the  line. 


T  Slightly  modified  fram  tha  French  AHgtiem 
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A,    1'S>  PKOLONG  A  LINE 

(S69)  By  ranging  with  rods.  When  two  pointa  ia  a  Ike  are 
^ven,  and  it  is  desired  to  ^'S-  ^"^-^^ 

prolong  tlie  line  by  ranging    .f^^^^^^^^^^. 

it  out  with  rods,  three  per-   -^  '^^^^^^^u^^^^^ 

sons  are  required,  each  furn^ed  with  a  straight  slender  rod,  and 
with  a  pllimb-hne,  or  other  means  of  keeping  their  rods  vartlcal. 
One  holds  hia  rod  at  one  of  the  given  points,  A,  in  the  figure,  and 
imother  at  B.  A  third,  C,  goes  forward  as  far  as  he  can  ivitbout 
losing  eight  of  the  first  two  rods,  and  then,  looking  back,  puts  him- 
self "in  line"  with  A  and  B,  i.  e.  so  that  when  his  e^e  is  jlaced 
at  C,  the  rod  at  B  hides  or  covers  the  rod  at  A,  This  he  can  do 
meet  accui'ately  hy  holding  a  plumb-line  before  his  eye,  ^o  that  it 
shall  cover  the  first  two  rods.  The  lower  end  of  the  plumb  bob 
will  then  indicate  the  point  where  the  third  rod  should  be  jlaced, 
and  so  mth  the  rest.  The  first  man,  at  A,  is  then  signalled,  and 
comes  forward,  passes  both  the  others,  and  puts  himself  at  D,  "  in 
hne"  withCandB.  ThemanatB,thengoe30utoE,fuid  "lines" 
hunself  with  D  and  C  :  and  so  thay  proceed,  in  this  "  hand  over 
haad"  operation,  as  far  as  is  desired.'  Stakes  are  driven  at  each 
point  in  the  line,  as  soon  as  it  is  determined. 

(ISO)  The  rods  should  be  perfectly  straight,  either  cylindrical  or 
polygonal,  and  as  slender  as  they  can  be  without  bending.  They 
should  be  painted  in  alternate  bands  of  red  and  white,  eaoh  a  foot, 
or  link,  in  length.  Their  lower  ends  should  be  pointed  with  iron, 
and  a  pj-ojeeling  bolt  of  iron  will  enable  them  to  be  pressed  down 
by  the  foot  into  the  earth,  so  that  they  can  stand  alone.  When 
this  13  done,  one  man  can  range  out  a  line.  A  rod  can  be  set  per- 
fectly vertical,  by  holding  a  plumb-line  before  the  eye  at  some  dis- 
tance from  the  rod,  aod  adjustmg  the  rod  so  that  the  plumb-line 
covers  it  from  top  to  bottom ;  and  then  repeating  tho  operation  in 
a  direction  at  right  angles  to  the  former.  A  stone  dropped  from 
top  to  bottom  of  the  rods  will  approximately  attain  the  same  end. 

When  the  lines  to  be  ranged  are  long,  and  great  accuracy  is  r© 
quired,  tlie  rods  may  have  attaclied  to  them  plates  of  tin  with  opec 
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iiiga  cut  out  of  tliem,  and  black  hoi-so-hau-s  stretched  from  F' 
top  to  bottom  of  the  opemnga,     A  small  telescope  must 
then  be  used  for  ran^g  these  haira  in  line.     In  a  hasty 
survey,  straight  ti\igs,  with  their  tops  spHt  to  receive  a  paf 
per  folded  as  in  the  figm-e,  may  be  used, 

(HI)  By  perpendiculars.  ^^'Xr 

The  straight  Hne,  AB  in   tho  — f~3 --^  ©^ 1 — 

figure,  IS  supposed  to  be  stop-       c  D        E  f 

ped  by  a  tree,  a  house,  or  other  obstacle,  and  it  is  desired  to  pro- 
long tho  line  beyond  this  obstacle.  From  any  two  points,  as  A 
and  E,  of  the  line,  set  off  (by  some  of  the  methods  ■which  have  been 
given)  equal  perpendiculars,  AO  aad  ED,  long  enough  to  pass  the 
obstacle.  Prolong  this  line  beyond  the  obstacle,  and  from  any  two 
points  in  it,  as  E  and  F,  measure  the  perpendiculars  EG  and 
FH,  eciuaJ  to  the  first  two,  but  in  a  contrary  direction.  Then 
will  G  and  H  be  two  pointa  in  the  line  AE  prolonged,  which  can 
be  continued  by  the  method  of  the  last  article.  The  pointa  A 
and  E  should  be  taken  as  far  apart  as  possible,  as  should  also 
the  points  E  and  F.  Three  or  more  perpendiculars,  on  each 
side  of  the  obstacle,  may  be  set  off,  in  order  to  increase  the  accu- 
racy of  the  operation.  The  same  thing  may  also  be  done  on  the 
other  side  of  the  ]ine,-as  another  confirmation,  or  teat,  of  the  aeeu- 
racy  of  the  prolonged  line. 

(172)  By  epUateral  triangles.  ^^-J^o 

The  obstacles,  noticed  in  the  last  arti- 
cle, may  also  be  o^  ercome  by  means  of 
three  equilateral  triangles,  formed  by 
the  chain.  Fix  one  end  of  the  chain, 
and  &ho  the  cud  of  the  first  link  from 
ita  other  end,  at  E ;  Ex  the  end  of  tho 
83d  Imk  at  A ;  take  hold  of  the  GGth 
link,  and  Atrv,  the  chdin  ti^tj  pulling  equally  on  each  part,  and 
put  a  pin  at  the  point  thus  foimd,  C,  in  the  figure.  An  equilateral 
triangle  will  tiius  be  formed,  each  side  being  SS  IJnlfS.  Prolong 
the  line  AC,  past  the  obstacle,  to  some  point,  as  I).    Make  another 
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eq^uilateral  triangle,  DEF,  as  before,  and  thus  fix  tlio  point  F.  Pi-o- 
long  DF,  to  a  length  equal  to  that  of  AD,  and  thus  fix  a  point  G. 
At  G  form  a  third  equilateral  tiiangle  GHK,  and  tiius  fix  a  point 
K.     Then  ivill  KG-  give  the  dbection  of  AS  prolonged. 

Let  AB  be  the  line  to  be 


S"aiL^  i" 


(173)  By  symmetrical  triangles. 

prolonged.    Take  any  eonve- 

nient  point,  as  0.  Eaogc  A 
out  the  line  AC,  to  a  point 
A",  such  that  CA'=CA. 
Range  out  OE,  so  that  GW 
=  CB.  Range  backwards 
A'B',  to  some  point  D,  such 
that  DO  prolonged  ivill  pass        ""  ^'  A 

the  obstacle.  Find,  by  ran^ng,  the  intersection,  at  E,  of  BE  and 
AG.  From  C,  measure,  on  CA',  the  distance  CE'—  CB.  Then 
range  put  DC  and  B'E'  to  their  intorsectJon  in  P,  which  will  be  a 
reqmred  point  in  the  direction  of  AB  prolonged.  The  symmetri- 
cal pointa  are  marked  by  con-eaponding  letters.  Several  other 
points  should  be  obtained  in  the  same  manner. 

Id  this,  as  in  all  similar  operations,  very  acute   mterseclioniS 
should  bo  avoided  as  far  as  possible. 

(174)  By  transversals.  LetABhe 
the  given  line.  Take  any  two  points  C 
and  D,  such  that  the  line  CD  will  pas3 
the  obstacle.  Take  another  point,  E, 
in  tho  intersection  of  CA  and  DE. 
Me^ure  AE,  AC,  CD,  BD  and  BE. 
Then  the  distance  from  D  to  P,  a  point 
in  the  required  prolongation,  iiill  be 
^p  _       CDxEDxAE 

BExAC—BDxAE' 
Other  points  ia  the  prolongation  may 
be   obtained  m  the   same  manner,   by 
merely  moving  the  single  point  0,  in  the 

line  of  EA ;  in  which  case  the  new  distances  CA  and  CD  will 
alone  require  to  be  measured. 
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Xf  AE  be  made  equal  to  AC,  then  is  DP  =  ]jjj_jj~[j' 
CDxAE 


If  BE  be  made  equai  to  BD,  then 


iDP  = 


AO— AM 


The  minus  sign  in  the  denonunators  miisfc  be  undeiBtood  as  only 
EneaniQg  that  the  diffei-ence  of  the  two  tenus  is  to  be  taken,  without 
regard  to  which  is 


B^J?-  Pji^P 


(1T5)  By  harmonic  cwnjugaics. 

Let  AB  be  the  given  line.    Set  a 

stake  at  any  point  C.    Set  stakes  at 

points,  D,  on  the  line  CA,  and  at 

E.  on  the  line  CB ;  these  points, 

D  and  E,  being  so  chosen  that  the 

line  DE  will  pass  hejond  the  obsta- 

cie.     Bet  a  foni-th  stake,  F,  at  the 

intersection  of  the  lines  AE  and 

DB.    Set  a  fifth  stake,  G,  any-  c 

where  in  the  line  CF ;  a  sixtli  stake,  H,  at  the  intersection  of  CB 

and  DG-  prolonged ;  and  a  seventh,  K,  at  the  intersection  of  OA 

and  EG  prolonged.     Finally,  range  out  the  lines  BE  and   KII, 

and  their  intersection  at  P,  will  be  in  the  line  AB  prolonged. 

(176)  By  l!ie  complete  nuadi-ilatera!.'    Let  AB  be  the  given 
&ne.     Take  any  conven  fig.  m 

ient  point  C  ;  measure  F  _ 
from  it  to  B,  and  onwEud, 
hi  the  same  line  prolong- 
ed, an  equal  distance  to  D. 
Take  any  other  convenient 
point,  B,  such  that  OE  and  " 

.  DE  produced  will  clear  the  obstacle.  Measure  from  E  to  A,  and 
onward,  an  equal  distance,  to  F.  Eange  out  the  lines  FC  and  DE 
to  their  intersection  in  G.  Baage  out  FD  and  CE  to  inter- 
sect in  II.  Measure  GH,  Its  middle  point,  P,  is  the  required 
point  in  the  line  of  AB  prolonged.  The  unavoidable  acute  int«r- 
eeotiona  in  this  construction  are  objectionaljlc. 
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B.  TO  SKTIGRFOLATE  POINTS  IN  A  LINE. 

(177)  The  most  distant  given  point  of  the  line  must  be  made 
as  conspicuous  as  possihle,  by  any  efficient  meana,  such  as  phiciiig 
there  a  staff,  bearing  a  flag;  red  and  white,  if  seen  against 
woods,  or  other  dark  back-ground ;  and  red  and  green,  if  seen 
against  the  sky. 

A  convenient  and  portable  signal  is  shown  in  tlie  figure. 


The  figure  represents  a  disc  of  tin,  about  six  inches  ii 
painted  white  and  hinged  in  the  middle,  to  make  it  more  portable. 
It  is  kept  open  by  the  bar,  B,  being  turned  into  the  catch,  0. 
A  screw,  S,  holds  the  disc  in  a  slit  in  the  top  of  the  pole. 

Another  contrivance  is  a  strip  of  tin,  which  has  its  ends  bent 
horizontally  in  contrary  directions.  As  the  \vind  will  take  strong- 
est hold  of  the  side  which  is  concave  towards  it,  the  bent  strip  will 
continually  revolve,  and  thus  be  very  conspicuous.  Its  upper  half 
should  be  painted  red  and  its  lower  half  white. 

A  bright  tin  cone  set  on  the  staff,  can  be  seen  at  a  great  distance 
when  the  sun  is  shining. 

178)  Ranging  to  a  point,  thus  made  couspieuous,  js  very  sim- 
ple when  the  ground  is  leveh  The  surveyor  places  hia  eye  at  tlie 
nearest  end  of  the  line,  or  stands  a  little  behind  a  rod  placed  on  it, 
and  by  signs  moves  an  assistant,  holding  a  rod  at  some  poiat  as 
nearly  in  the  desired  line  as  he  can  guess,  to  the  right  or  left,  tiU 
bis  rod  appears  to  cover  the  distant  point' 
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[part  Ji 


Wicn  a  vallej,  or  low  spot,  inter 


(179)  Across  a  valley. 
venea  betweea  the  two  enda 
of  tto  lino,  A  and  Z  in  tie 
figure,  a  rod  held  in  the 
low  place,  aa  at  B,  would  ■ 
Beldoni  be  high  enough  to 
be  seen,  from  A,  to  cover 
the  distant  rod  at  Z.  In 
eucli  a  case,  the  surveyor  at  A  should  h;ld  up  a  plumb-line  over 
&e  pomt,  at  arm'a  length,  and  place  nis  eje  so  that  the  plumb-line 
covers  the  rod  at  2.  He  should  then  direct  the  rod  held  at  B  to 
be  moved  till  it  too  is  covered  by  tlie  plumb-line.  Ihe  point  B  is 
then  said  to  be  "  in  hne"  between  A  and  Z.  In  geometrical  lan- 
guage, B  haa  now  been  placed  in  tho  vertical  plane  determined  by 
the  vertical  plumb-line  and  the  point  Z.  Any  number  of  interme- 
diate points  caa  thus  be  "  interpolated,"  or  placed  in  line  between 
A  and  Z. 

(180)  OFCr  a  Iiill.     "\^Ticn  a  hill  rises  between  two  pomts  and 
prevents  one  being  aeen  from  the  other,  as  in  the  figure,  (the  upper 

Fig.  iir. 


of  which  shows  the  hill  in  "  Elevation,"  and  the  lower  part  in 
"  Plan"),  two  observers,  E  and  C,  each  holding  a  rod,  may  place 
themselves  on  the  ridge,  in  the  line  between  the  two  points,  aa 
nearly  as  they  can  guess,  and  so  that  each  can  at  once  see  tlie  other 
and  the  point  beyond  him.    B  looks  to  Z,  and  by  signals  pnts  0 
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"  in  line."  C  then  looks  to  A,  and  puts  E  in  line  at  B'.  H  re- 
peats his  operation  from  B',  putting  0  at  C,  and  is  then  liimsolf 
moved  to  B",  and  so  they  alternately  "line"  each  other,  continu- 
ally approxhnating  to  the  straight  line  between  A  and  Z,  till  they 
at  last  find  themselves  both  exactly  in  it,  at  B'"  and  C". 


(181)  A  single  person  may  put  himself  in  line  between  two 
points,  on  the  same  principle,  by  laying  a  Straight  Stick  on  BOme 
support,  going  to  each  end  of  it  in  turn,  and  making  it  point  suc- 
cessively to  each  end  of  the  line.  Thj  "  SuiToyor's  Cross,"  Art. 
(104),  is  convenient  for  this  purpose,  when  set  up  between  the  two 
given  pomte,  and  moved  again  and  again,  until,  hy  repeated  trials, 
one  of  its  slits  sights  to  the  given  points  when  looked  through  in 
either  direction. 


'ItJ.ltf 


(182)   On   water.     A  simple  instru- 
ment for  the  same  object,  is  iepiesont«d 
in  the  figure.    AB  and  CD  aie  two 
tubes,  about  1^  inches  in  diametei,  con 
nected  by  a  amailej-  tube  EF      \  piece 
of  looking-glass,  GH,  is  placed  m  the    ^i 
lower  part  of  the  tube  AB,  andanithei,     Ji 
KL,  in  the  tube  CD.     The  planes  of  <|i|| 
the  two  mirrors  are  at  right  angles  to    jil 
each  other.     Tlie  eye  is  placed  it  A,  and    ||||       ||  | 

the  tube  AB  is  directed  to  iny  distant    Wlj^  J  j 

object,  as  S,  and  any  other  object  be  A  i 

hind  the  observer,  as  Z,  will  be  seen,  ap-  ^ 

parently  under  the  first  object  in  the  mirror  GH,  by  reflection  from 
the  mirror  KL,  when  the  observer  has  succeeded  in  getting  in  fine 
between  the  two  objects.  M,  N,  are  screws  by  which  the  nurror 
KL  may  be  adjusted.  The  distance  between  the  two  tubes  will 
cause  a  small  parallax,  which  will,  however,  be  insensible  except 
when  the  two  objects  are  near  together, 
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(183)  Through  a  wood.     When  a  wood  intervenes  between 
any  two  given  Fi^.  lis, 

points,      pre- 
venting     one 

from       being  ^_^ 

seen  from  the  -'' 

other,  as  in  the  figure,  in  which  A  and  Z  are  the  given  points,  pro- 
ceed tlina.  .Hold  a  rod  at  some  point  3'  as  nearly  in  the  desired 
line  from  A  aa  can  be  guessed  at,  and  as  far  from  A  as  possible. 
To  approximate  to  the  proper  direction,  an  assistant  may  be  sent  to 
the  other  end  of  the  line,  and  his  shouts  will  indicate  the  direction ; 
or  a  gun  may  be  fired  there ;  or,  if  very  distant,  a  rocket  may  be 
sent  up  after  dark.  Then  range  out  the  "  random  line  "  AE',  by 
the  method  ^ven  in  Art.  (169),  noiang  also  the  distance  from  A' 
to  each  point  found,  till  you  arrive  at  a  poinc  Z',  opposite  to  the 
point  Z,  i.  e.  at  that  point  of  the  line  from  which  a  perpendicular 
there  erected  would  strike  tlie  point  Z.  Measure  Z'Z.  Then 
move  each  of  tlie  stakes,  perpendicularly  from  the  line  AZ',  a  dis- 
tance proportional  to  their  distances  from  A.  Thus,  if  AZ'  be 
1000  links,  and  ?'Z  be  10  links,  then  a  stake  B',  200  links  from 
A,  should  be  moved  2  links  to  a  point  B,  which  will  be  in  the  de- 
sired straight  line  AZ ;  if  C  be  400  links  from  A,  it  should  be 
moved  4  links  to  C,  and  so  with  the  rest.  The  line  should  then 
be  cleared,  and  the  accuracy  of  the  position,  of  these  stakes  tested 
ty  ranging  from  A  to  Z. 

(184)  To  an  inTisible  iiilcrsectioii.     Let  AB  and  CD  be  two 

lines,  winch,  if  prolong-  ^'S-  i^o. 

ed,  .would   meet  in  a  ^^ TC^m^^^S^^''^''^' 

point  Z,  invisible  from 

either  of  them ;  and  let 

P  be  a  point,  from  which 

a  line  is  required  to  be 

set  out,  tending  ta  this 

mvisible     intersection. 

Set  stakes  at  the  five  given  points,  A,  B,  C,  D,  P.     Set  a  s' 

stake  at  E,  in  the  ahnements  of  AD  and  CP ;  and  a  seventh  stake 
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at  F,  in  the  alinements  of  BO  and  AP.  Tken  set  an  eightii  stake 
at  G,  in  the  alinements  of  BE  and  BF.  PG  iviU  be  the  required 
line. 

Othenviae ;  Through  P  rajige  out  a  parallel  to  the  line  BD. 
Note  tlie  points  where  thia  parallel  meeta  AE  and  CD,  and  call 
these  points  Q  and  K.  Then  the  distance  from  E,  on  the  line  ED, 
to  a  point  which  shall  be  in  the  required  line  running  from  P  to  the 

iavisible  point,  -will  be  =  — ^^ — 

II.   OBSTACLES  TO  MEASUREMENT. 

(185)  The  cases,  in  which  the  direct  measurement  cf  a  lino  is 
ja^rented  by  various  obstacles,  may  be  reduced  to  three, 

A.   When  both  ends  of  the  line  are  aceessible. 
S.   When  one  end  of  it  is  inaoeessthle. 
0.   Wkm  both  ends  of  it  are  inaecesaible. 

A,  mim  mw  ekbs  of  the  line  ieb  wrr^iMELE. 

(186)  By  perpendiculars.  On 
reaching  the  obstacle,  as  at  A  in 
the  figure,  set  off  a  perpendicular, 
AB ;  turn  a  second  right  angle  at  E, 
and  measure  past  the  obstacle ;  turn  a  third  right  angle  at  C ;  and 
measure  ta  the  ori^nal  line  at  D.  Then  will  the  measured  dis- 
tance, BO,  be  equal  to  the  desired  distance,  AD. 

If  the  direction  of  the  line  is  also  unknown,  it  will  be  most  easily 
obtained  by  the  additional  perpendiculars  shown  in  Kg.  109,  of 
Art.  (171). 

(187)  By  equilateral  triangles. 

The  method  given  in  Art.  (172),  for 
determining  the  direction  of  a  line 
through  aa  obstacle,  will  also  give  its 
length ;  for  in  Fig.  121'  (Fig.  110  re- 
peated) the  deairad  distance  AGis  equal 
to  the  measured  distances  AD,  or  DG. 
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(188)  By  syiiaiiicfFisai  triangles. 
Let  AB  be  the  distance  required. 
Measure  from  A  obliquely  to  some 
point  0,  past  tlie  obstacle.  Mea- 
Bure  onward,  in  the  same  line,  till 
OD  ia  as  long  as  AC.  Place  stakes 
at  C  and  D,  From  E  measure  to 
C,  and  from  C  measure  oniyartl,  in 
the  same  line,  till  CE  is  equal  to  CE,  Measure  ED,  and  it  will 
be  equal  to  AB,  the  distance  required.  If  more  convenient,  make 
CD  and  CE  equal,  respectively,  to  half  of  AC  and  CB ;  then  will 
AB  be  equal  to  twice  DE. 


(189)  By  transversals,  Lot 
AB  be  the  required  distance.  Set 
a  stake,  C,  in  the  line  prolonged ; 
set  another  stake,  D,  so  that  C  and 
B  can  be  seen  from  it ;  and  a  third 
state,  E,  in  the  line  of  BD  pro- 
longed, and  at  a  distance  from  D 
equal  to  the  distance  from  D  to  B. 
Set  a  fourth  stake,  F,  at  the  intersection 

AC,  AF  and  FE.     Then  is  AB  =  ^ 


EAandCD.    Measure 
(PE-— AF). 


(!90)  In  a  Tawn.  Cases  may  occur, 
in  the  streets  of  a  eompaotly  built  town, 
in  which  it  is  impos^ble  to  measure  along 
any  other  lines  than  those  of  the  streets. 
The  figure  represents  such  a  case,  in 
■which  is  required  the  ctistance,  AB,  be- 
tween pomta  situated  on  two  Etreeta  ■which 
meet  at  the  point  C,  and  between  which 
runs  a  cross-street,  DE.  In  this  case 
measure  AC,  CE,  CD,  DE  and  CB. 
Then  is  the  required  distance 
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AB 


y{(AC- 


■  BC)' 


-(013- 


,s1  ACxBC| 

As  ■&ns  expression  is  somewhat  complicated,  aa  example  irill  b( 
given :  Let  AC  =100,  CE  =  40,  OD  =  30,  DB  =  21,  and  CB 
c=80:  then  will  AB  =  61.7. 


!!.    WilEiV  m^  ESD  OF  THE  LIKE  IS  IW ACCESSIBLE. 

(191)  By  perjseasliCHlars.  This  principle 
may  he  applied  in  a  variety  of  ways.  In  Fig. 
125,  let  AB  be  tiie  required  distance.  At  the 
point  A,  set  off  AC,  perpendicular  to  AB,  and  of 
any  convenient  length.  At  C,  set  off  a  perpen- 
dicular to  CB,  and  continue  it  to  a  point,  D,  in 
thehne  of  A  and  B.     Measure  DA.     Then  is 


(I9§)  Othenoise :  At  the  point  A,  in  Fi^ 
126,  set  off  a  perpendicular,  AC.  At  C  et 
off  another  perpendicular,  CD.  Find  a  point, 
E,  in  the  line  of  AC,  and  BD.     Measure  Alt 

and  EC,     Then  is  AB  =  ^^^^^-  ^ 

If  EC  be  made  equal  to  AE,  and  D  bo  t 
in  the  line  of  BE,  and  also  in  the  perpendicular 
from  0,  then  will  CD  be  eqiial  to  AB. 

If  EC  =  I  AE,  then  CD  =  ^  AE. 

(193)  Otherwise :  At  A,  in  Fig.  127,  mear 
sure  a  perpendicular,  AC,  to  the  line  AB  ;  and 
at  any  point,  as  D,  in  this  line,  set  off  a  perpen- 
dicular to  DE,  and  continue  it  to  a  point  E,  in 
the  line  of  CB.  Measure  DE  and  also  DA. 
AC  >;  AD 


Then  is  AB  ^ 


■pG  — AO' 
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(194)  By  parallcli^i  Frnm  A  measure 
AC,  in  any  convenient  direction.  From  a 
point  D,  in  tbe  line  of  EC,  measure  a  line 
parallel  to  CA,  to  a  point  E,  in  the.  line  of 
AB.     Measure  aloo  AE. 

AC  X  AB 


Then  is  AB  = 


DE  — AC' 


(195)  By  a  paraltclogram.  Set  a  stake,  C, 
in  the  line  of  A  and  B,  and  set  another  stake,  D, 
wherever  convenient.  With  a  distance  equal  to 
CD,  describe  from  A,  an  arc  on  the  ground  ;  and, 
with  a  distance  equal  to  AC,  describe  another 
arc  from  D,  intersecting  the  fii'st  arc  in  E.  Or,  '^f 
take  AC  and  CD,  so  that  together  tkey  make  | 
one  chain ;  fix  the  ends  of  the  chain  at  A  and  D ;  o 
take  hold  of  tlie  chain  at  such  a  link,  that  one  part  of  it  equals  AC, 
and  the  other  CD,  and  draw  it  tight  to  fix  the  point  E.  Set  a 
stake  at  E,  in  the  intersection  of  AE  and  DB.  Measure  AF  and 
AC  X  AT 


I 


EF.     Then  is  AB  - 


EF 


;  or,  CB  = 


EF 


(196)    By  symmetrica!    triangles. 

Let  AB  he  the  required  distance.  From 
A  measure  a  hne,  in  any  convenient  di 
rection,  as  AC,  and  measure  onward,  in 
the  same  direction,  till  CD  ^  AC.  Take 
any  point  E  in  the  line  of  A  and  B 
Mea  ure  f  ora  E  to  0,  and  onward  in  the 
same  1  e  till  CE  =  CE.  Then  find  by 
tr  'il  a  J  Hit  G,  which  shall  he  at  the 
same  tune  n  the  line  of  C  and  B,  and  in  G 
thp  b  e  of  D  and  F.  Measure  the  distance  from  G  to  D,  and  it 
Tijll  he  equal  to  the  required  distance  from  A  to  B.  If  more  con- 
venient^ make  CD  ^  ^  AC,  and  CF  ^  ^  CE,  aa  shown  by  the 
finely  dotted  lines  in  the  figure.     Then  will  DG  =  ^  AB. 
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(19T)  Otherwise :  Prol  Ho  B  Y  to 
some  point  C.  Range  out  anv  on 
yenieiit  line  OA',  and  measure  CA  = 
CA.  The  triangle  CA'B,  i3  t  to  be 
reproduced  in  a  sjmmetrieil  tr  angle 
situated  on  the  accessible  ^  o  nd  i 
For  tliis  object,  take,  on  AC  s  me  po  nt 
D.andmeasiii-aCB'^CD  E  1  the 
point  E,  at  the  interaection  of  AD'  and  A'D.  l%d  the  point  F, 
at  the  intersection  of  A'B  aad  CE.  Lastly,  find  the  point  B',  at 
the  intei-seetion  of  AI"  and  CA'.  Then  will  A'B'  =  AB.  The 
symmetrical  pomta  haye  corresponding  letters  afBxed  to  them. 

(198)   By  transversals.     Set  a  stake,  0,  F's- 135.^ 

in  the  alinement  of  BA;  a  second,  D,  at  any 
convenient  point ;  a  third,  E,  in  the  line  CD ; 
and  a  fourtii,  F,  at  the  intersection  of  the 
aliaementa  of  DA  and  EB.  Meaaore  AC, 
CE,  ED,  DP  amd  FA.  Then  is 
A-n  „       AO  X  AF  X  DE  : 

CE  X  DF  —  AF  X  UF' 

If  the  point  E  be  taken  in  the  middle  of  CD,  (as  it  is  i 

figure)  then  AB  =  t^^-^^- 


If  the  point  F  be  taken  in  tlie  middle  of  AD,  then  AB  =  — 
The  minus  signs  must  be  interpreted  as  in  Art.  (1T4). 

(199)  By  liarraonic  dirisiftn.      Set  *'=■  ^^^■ 

stakes,  C  andD,  on  each  aide  of  A,  and 
BO  that  the  thi-ee  are  in  the  same  straight 
line.  Set  a  third  etalie  at  any  point,  B, 
of  the  line  AB.  Set  a  foYirth,  F,  at  the 
intersection  of  CB  and  DE ;  and  a  fifth,  /' 

G,  at  tlie  intersection  of  DB  and  CE.        / ^,-'''' 
Set  a  sixth  stake,  H,  at  the  intersection  ^  "  ; 

ofABandFG-.    Measure  AE  and  EIL    Then  is  AB- 


XPE 
—  DE' 
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i2W)  To  aa  inacMSsifck  line.    The  Fig  134 

shortest  distance,  CD,  from  a  given  point,  ^  ~ B 

C,  to  an  inaccessible  straight  line  A3,  is     ^ 

requh-ed.    Jrom  C  let  fall  a  perpendicular 

toAB,  Ij  the  method  of  Art.  (158)-  ^j. 

Then  set  a  stake  at  any  point,  E,  on  the  e 

line  AG ;  set  a  second,  P,  at  the  inter- 

eactioii  of  EB  and  CD  ;  a  third,  G,  at 

the  incersecfjon  of  AT"  and  CB  ;  and  a  funrth,  H,  at  the  interseo- 

tionofEGfandCD.    Measure  CH  and  HF.    Thenia 

C»  =  cS=H  ■  "■  ™  =  ''=  ■  (m=lB  "■  ^'^  =  2CH=(3F 

Othenvise ;  When  the  inaccessible  line  is  determined  by  the 
method  of  Art.  (2ft5)  or  (206),  the  distance  from  any  pohit  to  it, 
can  be  at  once  measured  to  its  symmetrical  representative. 

(201)  .To  an  fmaccessSble  Jatcrsection.  When  two  lines  (aa 
AB,  CD,  in  the  figure)  meet  in  a  fig.  i^j 

liver,  a  bmlding,  or  any  other  j^ 

inaccessible  point,  tlie  distance     c^  Jw*^^ 

from  any  point  of  either  to  their  \^^  V'    "^^^^fe 

mtersection,   DE,  for  example,  J^'''^"^ ^^Kl^& 

may  be  found  thus.     From  any  ^..^"""IZ  —    ^N.   ^^^^£ 

point  B,  on  one  line,  measure  c-"''^  ^ 

BD,  and  continue  it,  till  DE  =  DB.  Erom  any  other  point,  G, 
of  the  former  line,  measure  GD,  and  continue  the  Ime  till  DH  =  GfD. 
Continue  HF  to  meet  DC  in  some  point  K.  Measnro  KD.  KD 
will  he  equal  to  the  desia-ed  distance  DE. 

BE  can  be  found  by  measurhig  EK,  which  is  equal  to  it. 

If  DF  and  DH,  be  made  respectively  equal  to  one-half,  or  one- 
third,  &c.,  of  DB  and  DG,  then  will  KD  and  KF  be  respectively 
aqual  to  ono-half  or  one-third,  &e. ,  of  DE  and  BE. 
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C.   WMiES  BiS'i'M  mm  OF  TIW  LIHE  ARE  OACCESSIBLU. 

(202)  By  similar  tmiigl«3'  I-ct  AB  _  _^Fig,  i3s. 
be  the  inaccessible  distance.  Set  a  stake  at  -^^ 
any  conTeiiient  point  0,  and  find  the  distan- 
ces OA  and  CB,  by  any  of  the  methods  just 
given.  Set  a  second  stake  at  any  point,  D, 
oa  tlie  line  CA.  Measure  a  distance,  equal 
to         ^        ,  from  C,  OE  the  line  CB,  to  some  poitit  E.     Meaauru 


If  more  eonvenieiit,  measure  CD  in  tiic 
contraiy  dii'ection  from  the  river,  as  in  Kg. 
137,  instead  of  towards  it,  and  in  other  re- 
spects proceed  as  before. 

(203)  By  paf  allcls.  Let  AB  be  the  in- 
accessible distance.  From  any  point,  as  C, 
range  out  a  parallel  to  AB,  as  in  Art.  (165), 
&c.  Find  the  distance  CA,  by  Art.  (191), 
&c.  Set  a  stake  at  the  point  E,  the  inter- 
section of  CA  and  DB,  and  measure  CE. 
^  .  ,^  CD  X  (AC  —  OE) 
Then  is  AB  = ~^ '  ■ 


(2W)  ay  a  parallelogram.  Sot 
a  stake  at  any  convenient  point  C. 
Set  stakes  D  and  E,  anywhere  in 
tlie  ahnementa  CA  and  CB.  With 
D  as  a  centre,  and  a  length  of  the 
chain  equal  to  CE,  describe  an  arc  ; 
and  with  E  as  a  centre,  and  a  length 
of  the  chain  equal  to  CD,  describe  another  are,  intersecting  the 
former  one  at  F.  A  parallelogram,  CDEF,  will  thus  be  formed. 
Set  stakes  at  G  and  H,  where  the  alinements  DB  and  EA  inter- 
sect the  sides  of  this  parallelogram.    Measure  CD,  DF,  GF,  FH, 
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and  HG. 
If  CD  = 


(205)  By  symmetrical  trUllgleSi     Take  any  convenient  point, 
aaC.     Sot  stakes  at  two  otliei  ^o  "o 


mm  suuvKi'isG, 

[PAES  II 

maccessible  distance  AB  = 

CD  X 

DP 
X 

X  GH 

thonAE        «,^;M^^. 

points,  D  and  D',  in  tlie  eime 

line,  and   at  equal  diatinces 

from  0.    Take  a  point  E,  in    * 

the  line  of  AD ;  measure  fiom 

it  to  C,  and  onward  till  CE' 

=  CE.     Take  a  point  P  in 

the  line  of  BD ;  meaanre  from 

it  to  C,  and  onward  till  OF'  =  /    _,/i)N/\ 

OF.     Range  out  the  lines  AC  /  ^^  "'-^N 

and  E'D',  and  set  a  stake  at  ',''  "'^^^s 

their  intersection,  A'.    Binge  ^ 'A. 

out  the  lines  EC  and  F1>    and  -^et  i  itike  at  the     inte  ■sect  on, 
B'.     Measure  A'B'.     It  -«  11 1  c  c  i  lUo  tli    le  re  1  I  st      e  \B. 


(206)   Otherwise :     Til  e 
any  convenient  point,  as  ( 
and  set  off  equal  diafca  c 
on  each  side  of   it,  m  tl  o  £ 
line  of  CA,  to  D  and  D     Set 
o£F  the  same  distances  f  om 
C,inthelineofCB,toET   1 
E'.     Through  C,  set  o  t  a 
parallel  to  DE,  or  D'E    a  1 
set  stakes  at   the  points  E 
and  F'    where  this    parallel 
AE'    and    BD'. 


Range  out  the  lines  AD'  and  EE',  and  set  a  stake  at  their  inter- 
section A'.  Range  out  the  lines  BE'  and  DF,  and  set  a  stake  at 
their  intersection  B'.  Measure  A'B',  and  it  will  be  equal  to  the 
desired  distance  AB. 


Hosted  by 


Google 


Olistaclcs  to  Measurement. 


121 


Tlie  easiest  method  of  setting  out  the  parallel  in  the  above  case, 
is  to  fix  the  middle  of  the  chain  at  tlie  point  C,  and  its  enda  on  the 
lines  CD,  CE' ;  then  carry  the  middle  of  the  chain  from  C  towai-da 
F,  and  marrk  the  point  to  which  it  reaches ;  and  repeat  tHs  on  the 
other  side  of  C,  as  shomi  by  the  finely  dotted  lines  in  the  figure. 

INACCESSIBLE    AREAS. 

(;JS7)  Triaugks,  In  the  case  of  a  triangular  field,  in  ^hich 
oEo  aide  cannot  be  measured,  or  determined  by  any  of  the  methoda 
just  ^ven,  the  two  accessible  sides  may  be  pi-olonged  to  their  full 
length,  aad  an  equal  symmetrical  tiiangle  formed,  all  of  whose  sides 
can  be  measured.  Thus  in  Fig.  10.J,  p^ge  1U3,  it  CDh  he  the 
original  triangle,  of  which  the  side  EC  is  macce'fBible,  DFP  mil  be 
eriual  to  it.     But  if  thia  also  be  impossible,  pur  l' '   i ' 

tionsof  thesidesmay  bemea3ured,asAD,AE,  B  \ 
in  the  figure  in  the  marg^,  and  also  DE,  and 
the  area  of  this  triangle  found  hy  any  ot  tbt 
methods  ivhichhave  beeiiglven.  Then  is  the 
desired  area  of  the  triangle  AEC  =  area  of 
<  AC 


'\v/^ 


ADE 


AD  X  AE' 


Fg  U3 


(298)  Qnadrilatenls  In  the  case 
of  a  four-aide  1  fiell  i\ho  e  s  lei  ca  not 
be  measured  r  p  olo  gel  t  tvlose 
diagonals  ci.  be  n  eia  ire  1  tl  e  area 
may  be  obtai  el  thus  Measuie  the 
diagonals  A  an  I  ilD  a  1  al  o  the 
portions  AE  EG  n  o  wl  one  of 
tliem  ia  div  le  1  bv  the  othe  C  1 
late  the  area  of  1  e  t  „1  ECE  by  the  p  ce  ^  n  tl  o 
of  thoae  heret  fo  e  g   en      Then  the  a    a  of  tl  e 


AECD  =  areaofBCB  X  ~ 


X  tl 


■  BE  X  CE' 

(209)  Poly^OHS,  Methods  for  obtaining  the  areaa  of  inac- 
cessible fields  of  more  than  four  sides,  have  been  given  in  Arts, 
(101,)  &c. 
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on 
Bi/  the  Third  Method. 


CHAPTER  I. 


(219)  Angular  Swmeymg  deterroinea  tlie  relative  positions  of 
points,  and  therefore  of  lines,  on  the  Third  prihoiplb,  aa  ex- 
plained in  Art.  (7),  ivliich  should  now  be  referred  to. 

(SBS)  When  the  two  lines  wiiicli  foi-m  an  angle  lie  in  the  same 
horizontal  or  level  plane  the  angle  is  ciUed  i  horizontal  angle  * 

"WTi  n  tl  ese  In  es  1  e  m  i  pline  \  erpe  I  c  la  to  tl  e  fo  mer  tlie 
angle  s    illed  •>,    ert  aal  angle 

Whe    0  e  of  the  lines  s  1  o  izontTl  ^n  1  the  otbe   Ime  from  the 
eye  of  the  oh  e  ve    i  is  e?  abo  e  the  fo  "me    and  in  the  same    e 
tieal  pliJ  e  tl  e  a  gle      cilled  an      gl   of  elev  t  on 

When  t!  e  htte  1  e  passes  below  the  1  o  laontal  1  ne  ind  n  the 
same  ve  -t  oil  pi  no  the  *!  gle  a  called  an  angle  of  dep  ess  o 

When  the  tno  hnea  ■wh  oh  form  in  „le  le  otlei  planes 
which  make  o!  I  que  angles  w  th  each  of  tl  e  fo  me  [I  C3  t  e 
angl       CT/Ued  ta  oU  i  ea  gle 

Ho  izontal  au^l  s  a  e  tl  e  ouJy  a  ^lea  emjl  ye  1  m  common  la  d 
Burveymj^ 

•  A  plftUB  IS  EBid  lo  bo  lon^oKiia,  01  le,.d,  wlien  it  13  ijaiallel  to  llie  amfH..8  of 
llBildiiig  water,  or  pei-peudiciilar  to  a  pluoib-liiie.  A  line  is  hoiiaontal  wlien  it 
lies  m  a  horisontal  plane. 
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(212)  The  angles  between  the  directions  of  two  lines,  which  it 
is  necessary  to  measure,  may  be  obtained  by  a  great  variety  of  in- 
Btrumenta.  All  of  them  are  in  substance  mere  modifiptions  of  the 
very  simple  one  which  will  now  be  described,  and  which  any  one 
CM  make  for  himself. 


(213)  Provide  a  circular  piece  of 
wood,  and  divide  its  cireumfereaoe  \^ 
(by  any  of  the  methods  of  Geometri- 
cal Drafting)  into  three  hundred  and 
sixty  equal  parts,  or  "  Degrees,"  and 
number  them  sa  in  the  figure.  The 
divisions  will  be  hke  those  of  a  watch 
face,  but  six  times  as  many.  These 
divisions  are  termed  graduations. 
The  figm-e  shows  only  every  fifteenth 
one.  In  the  centre  of  the  circle, 
fix  a  needle,  or  sharp-pointed  i 
stick,  or  thin  ruler  placed  edge 

it  may  turn  freely  on  this  point  and  nearly  touch  the  graduationa 
of  the  circle.  Fasten  the  circle  on  a  staff,  pointed  at  the  other  end, 
and  long  enough  to  bring  the  ahdade  to  the  iieight  of  the  eyes. 
The  insti'ument  is  now  complete.  It  may  be  called  a  (j-oniometer, 
or  Angle-measurer, 


i  upon  this  fix  a 
,  (called  an  alidade'),  so  that 


(214)  Now  let  it  bo  required  to  measure 
the  angle  between  tlie  lines  AB  and  AC.  Ks 
the  staff  in  the  ground,  so  that  its  centre  shall 
be  exactly  over  tlie  intersection  of  the  two 
Hues.  Turn  the  alidade,  so  that  it  points,  (as  ^g 
detennined  by  sighting  along  it)  to  a  rod,  or 
other  mark  at  B,  a  point  on  one  of  the  lines,  and  note  what  de'grea 
it  covers,  i.  e.  "  The  Heading."  Then,  without  disturbing  the 
circle,  turn  the  alidade  till  it  pouits  to  0,  a  point  on  the  othsr  line. 
Note  the  new  reading.  The  difference  of  these  readmgs,  (in  Oie 
figure,  45  degrees),  is  tlie  difference  in  the  directions  of  tlie  two 
Imes,  or  is  the  angle  which  one  makea  with  the  other.     If  the  dis 
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tancc  from  A  to  0  bo  now  moasurocl,  the  point  C  i^  "  detei'mined," 
■with  respect  to  the  points  A  and  B,  on  tiie  Third  FiincipU.  Any 
number  of  points  may  be  tima  determined. 

(215)  Instead  of  the  verj  simple  and  rude  alidade,  which  has 
been  supposed  to  be  used,  needles  may  be  fixed  on  each  end  of  the 
alidade ;  or  sights  may  be  added,  such  as  tboae  described  in  Ai-t. 
(108)  ;  or  a  small  straight  tube  naaj  be  used,  one  end  being  cover- 
ed \nth  a  piece  of  pasteboard  in  which  a  very  small  eye  hole  is 
pierced,  and  threads,  called  "  cross-hairs,"  bemg  sti'etch-  ^^s  i^^- 
ed  across  tiie  other  end  of  it,  as  in  the  figure  ;  so  tbat  Q)  (^ 
their  intersection  may  ^ve  a  more  precise  line  for  determining  the 
direction  of  any  point. 

(216)  When  a  telescope  is  substituted  for  this  tube,  and  sup- 
ported in  such  a  way  that  it  can  turn  over,  so  as  to  look  both  back- 
■waxds  and  forwards,  the  instrument  (with  various  other  additions, 
which  however  do  not  affect  the  principle),  is  called  the  Engineer's 
Transit. 

"With  the  addition  of  a  level,  and  a  vertical  circle,  for  measuring 
vertical  angles,  the  instrument  becomes  a  Theodolite;  in  which, 
however,  the  telescope  docs  not  usually  admit  of  being  turned  over. 

(2n)  The  Compass  diffei-s  from  the  instruments  ■which  have 
been  described,  in  the  following  respect.  They  all  measure  the 
angle  which  one  line  makes  with  another.  The  compass  measures 
the  angle  which  each  of  these  lines  makes  with  a  thii-d  line,  viz : 
that  shown  by  the  magnetic  needle,  which  always  points  (approxi- 
mately) in  the  same  direction,  i,  e.  North  and  South,  Fig- 1^?. 
in  the  Magnetic  Meridian.  Thus,  in  the  figure,the  ^ 
line  AB  makes  an  angle  of  30  degrees  with  the  line 
AN,  and  the  hue  AC  makes  aa  imgle  of  75  de- 
grees -with  AN".  The  difference  of  these  angles, 
or  45  degrees,  is  the  angle  which  AC  mates  \ 
■ffith  AB,  agreeing  irith  the  result  obtained  in 
Art.  (214). 
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(218)  SurrejTng  with  the  compass  is,  therefore,  a  lesa  direct 
operation  thaji  surveying  with  the  Ira,nsit  or  Theodolite.  But  as 
the  use  of  tlie  compass  is  much  more  rapid  aad  easy  (oiily  one  sight 
and  reading  at  each  station  being  necessary,  instead  of  two,  as  in 
the  former  case),  for  this  reason,  as  ivell  as  for  its  smaller  cost,  it 
ia  the  instrument  most  commonly  employed  in  land  surreying  in 
tliis  country,  in  spite  of  its  imperfections  and  inaceuracies. 

As  many  may  wish  to  leam  "  Surreying  with  the  Compasa," 
witliout  being  obliged  to  previously  leam  "  Surveying  with  the 
Transit,"  (which  properlj,  heing  more  simple  in  principle,  though 
leae  so  in  practice,  should  precede  it,  but  which  will  bo  considered 
in  Part  IV),  we  will  first  tate  up  Compass  SimvEYiKa. 


(^19)  Angular  Surveying  in  general,  and  therefore  Compass 
Surveying,  may  employ  either  of  the  3d,  4th  and  5th  methods  of 
determining  the  position  of  a  point,  ^ven  in  Part  I ;  that  is,  any 
instrument  which  measures  angles  may  be  employed  for  Polar, 
Triangidar,  or  TnUjiear  Surveying.  The  first  of  these.  Polar 
Surreying,  ia  the  one  most  commonly  adopted  for  the  compasa,  and 
ia  therefore  the  one  which  will  be  specially  explamed  in  this  part. 

The  same  method,  as  employed  with  the  Transit  and  Theodolite, 
will  be  explained  in  the  following  part. 

The  4th  and  5th  metJiods  will  be  explained  in  the  next  two  parts. 


(220)  The  method  of  Folar  Surveying  embraces  two  minor 
methods.  The  most  usual  one  consists  in  going  around  the  field 
with  the  instrument,  setting  it  at  each  comer  and  measuring  there 
lie  angle  which  each  side  makes  with  its  neighbor,  as  well  lis  the 
length  of  each  aide.  Thia  method  is  called  by  the  French  the  me- 
thod of  Ghe-miTieTnent.  It  has  no  special  name  in  English,  but  may 
be  called  (from  the  American  verb,  To  progress),  the  Method  of 
Progression.  Tte  other  system,  the  Method  of  Padiation,  oon- 
fflsts  in  setting  the  instrument  at  one  point,  and  thence  measuring 
tie  direction  and  distance  of  each  comer  of  the  field,  or  other 
object.  The  corresponding  name  of  what  we  have  called  Triangu- 
lar Surveying  is  the  Method  of  Intersections ;  since  it  determines 
points  by  the  interaectiona  of  straight  linos. 
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CHAPTER  II. 


T!!E  COMMSS. 
(221)  The  Needle.  The  most  essential  part  of  the 
tlie  magnetic  needle.  It  ia  a  sleader  bar  of  steel,  usually  five  or 
Bix  iliehes  long,  strongly  magnetizecl,  and  talEtnced  on  a  pivot,  BO 
that  it  may  turn  freely,  and  thus  be  enabled  to  continue  pointing 
in  the  same  direction  (that  of  the  "  Magnetic  Meridian"  approxi- 
mately North  and  South)  however  much  the  "  Compasa  Box,"  to 
wliich  the  pivot  Is  attached,  may  be  tuiiied  around. 

As  it  is  important  tiiat  the  noodle  should  move  with  the  least 
p'ossible  friction,  the  pivot  should  be  of  the  hardest  steel  ground  to 
a  veiy  sharp  point ;  and  in  the  centre  of  the  needle,  which  is  to 
rest  on  the  pivot,  should  be  inserted  a  cap  of  agate,  or  other  hard 
material.  Iri^iim  for  the  pivot,  and  ruby  for  the  cap,  are  still 
better. 

If  the  needle  be  balanced  on  ita  pivot  before  being  magnetiaedj 
one  end  will  sink,  or  "  Dip,"  after  the  needle  is  magnetized.  To 
bring  it  to  a  level,  several  coils  of  mre  are  woiuid  around  the  nee- 
dle so  that  they  can  be  slid  along  it,  to  adjust  tlie  weight  of  ita  two 
ends  and  balance  it  more  perfectly. 

The  North  end  of  the  needle  is  usually  cut  into  a  more  orna- 
mental form  than  the  South  end,  for  the  salie  of  distinction, 

The  principal  requisites  of  a  compass  noodle  arc,  intensity  of  di- 
rective force  and  susceptibility,  "  Shear  steel"  was  found  by 
Capt.  Kater  to  be  tiie  kind  capable  of  receiving  the  g 
netio  force.  The  best  form  is  that  of  a  rhomboid, 
or  lozenge,  cut  out  in  the  middle,  so  as  to  dimi- 
nish the  extent  of  surface  in  propoi-tion  to  the 
mass,  as  it  is  the  latter  on  "which  the  directive  force  depends.  Be- 
yond a  certain  limit,  say  five  inches,  no  additional  power  ia  gained 
by  increasing  the  length  of  the  needle.  On  the  contrary,  longer 
ones  are  apt  to  have  then-  strength  diminished  by  several  consecu- 
tive poles  being  formed.  Short  needles,  made  very  hard,  are 
therefore  to  be  preferred. 
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The  needle  ehonld  not  come  to  rest  very  quicldy.  If  it  does,  it 
indicates  either  that  it  is  weakly  magnetized,  or  that  the  friction  on 
the  pivot  is  great.  Ita  sensitiveness  is  indicated  by  the  number  oE 
vibrations  which  it  makes  in  a  small  space  before  coming  to  rest. 

A  screw,  with  a  milled  head,  on  the  under  side  of  the  plate 
which  supports  the  pivot,  is  used  to  raise  the  needle  off  this  pivot, 
wten  the  instrument  is  carried  about,  to  prevent  the  point  being 
dulled  bj  unnecessary  friction. 

(222)  The  Si^btSi  !Next  after  the  needle,  wMch  ^ves  tlie  di 
rection  of  the  fixed  line,  whose  angles  with  tiie  lines  to  be  survey- 
ed aie  to  be  measured,  should  be  noticed  the  Sights,  which  show 
the  directions  of  these  last  lines.  At  each  end  of  a  line  passing 
through  the  pivot  is  placed  a  "  Sight,"  consisting  of  an  upright  bar 
of  brass,  with  openings  in  it  of  various  forms ;  usually  either  slits, 
with  a  circular  aperture  at  their  top  and  bottom* ;  or  of  the  form 
described  in  Art.  (SOS) ;  all  these  arrangements  being  intended  to 
enable  the  line  of  sight  to  be  directed  to  any  desired  object,  with 
precision. 

(223)  A  Telescope  which  can  move  up  and  down  in  a  vertical 
plane,  i.  e.  a  plun^g  telescope,  or  one  which  can  turn  completely 
over,  is  sometimes  substituted  for  the  sights.  It  has  the  great 
advantage  of  giving  more  distinct  vision  at  long  distances,  and  of 
admitting  of  sights  up  and  down  very  steep  slopes.  Its  accuracy 
of  vision  is  however  rendered  nugatory  hj  the  want  of  precision  in 
the  readmgs  of  the  needle.  If  a  telescope  be  applied  to  the  com- 
pass, a  graduated  circle  with  vernier  shonld  be  added,  thus  cen- 
verting  the  compass  into  a  "Transit."  Tho  Telescope  will  be 
found  minutely  described  in  Part  IV,  "  Transit  Surveying." 

(224)  Tlie  diTMCfl  circle.  We  now  have  the  means  of  indi- 
cating the  directions  of  the  two  lines  whose  angle  is  to  be  measup. 
ed.  The  number  of  degrees  contained  in  it  is  to  be  read  from  a 
circle,  divided  into  degrees,  in  the  centre  of  which  is  fixed  the 


iiiil  an  outeide  view 
figure  of  the  Com; 


Hosted  by 


Google 


OBAP.  II.]  Tbe  Compass.  129 

pivot  tearing  the  needle.  The  graduations  'are  usually  made  to 
half  a  degree,  and  a  quarter  of  a  degree  or  lesa  can  then  he  "esti- 
mated." The  pivot  and  needle  aie  siink  in  a  circular  box,  so  thaib 
its  top  may  he  on  a  level  with  the  needle.  The  grajJuations  are 
usually  made  on  the  top  of  the  snrroundjng  rim  of  the  box,  but 
should  aJso  be  continued  down  its  inside  circumference  so  tJiat  it  may 
be  easier  to  see  ■with  what  division  the  ends  of  the  needle  coincide. 

The  degrees  are  not' numbered  consecutively  from  0°  around  til 
860^  ;  hut  mn  from  0°  to  20'~',  both  ways  from  the  two  diametri- 
cally opposite  points  at  which  a  line,  passmg  through  the  slits,  in  the 
middle  of  the  sights,  would  meet  the  divided  circle. 

The  letteiing  of*  the  Surveyor's  Compass  has  one  important  dif 
ference  from  that  of  the  Mariner's  Compaq. 

When  we  stand  facing  the  North,  the  East  is  on  our  right  hand, 
and  the  West  on  our  left.  The  graduated  card  of  the  Mariner's 
Compass  which  ia  fastened  to  the  needle,  and  turns  with  it,  is 
mai'ked  accordingly.  But,  in  the  Surveyor's  compass,  one  of  the 
9  points  being  marked  N,  or  North,  (or  indicated  by  a  fleur-de- 
lie,)  and  the  opposite  one  S,  or  South,  the  90-degreeB-point  on  the 
riffht  of  this  line,  as  you  stand  at  the  S  end  and  look  towards  the 
N,  is  marked  W,  or  West;  and  the  left  hand  90-degrees-point  ia 
marked  E,  or  lEast.  The  reason  of  this  will  be  seen  when  the 
method  of  using  the  compass  comes  to  he  explained  in  the  folloiving 
chapter. 


(225)  The  Points.  In  or- 
dinary land  surveying,  only  four 
points  of  the  compass  have 
names,  viz :  North,  South,  East 
and  West ;  the  direction  of  a 
line  being  described  by  the  an- 
gle which  it  makes  with  a  North 
and  South  line,  to  its  East  or  to 
its  West.  But  fornautic^  pur- 
poses, the  circle  of  the  compass 
is  divided  into  32  pointe,  tie 
names  of  which  are  shown  in 
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the  figure.  Two  rules  embrace  all  the  cases.  I'-'  "When  tho 
letters  indicating  two  points  are  joined  together,  the  point  half  way 
between  the  two  is  meant ;  thus,  K.  E.  is  half  way  between  North 
and  East ;  and  N.  N.  E.  is  half  way  between  North  and  North 
East.  'P  "When  the  letters  of  two  points  are  joined  together 
with  the  intermediate  word  hy,  it  Indicates  the  point  which  comes 
next  after  the  first,  in  going  towards  tho  second ;  thus,  N.  by  E,  ia 
the  point  which  foHowa  Nortli  in  going  towards  the  East ;  S.  E.  hy 

S,  is  the  next  point  from  South  East,  going   towards  the  South. 

(226)  Eccentricity!  The  centre-pin,  or  pivot  of  tho  needle, 
ought  to  be  exactly  in  the  centre  of  the  gradaated  circle ;  the  nee- 
dle ought  to  be  straight ;  and  the  line  of  the  sights  ought  to  pass 
exactly  through  this  centre  and  through  the  0  points  of  the  circle. 
If  this  is  not  the  case,  there  will  be  an  error  m  every  observation. 
This  is  called  the  error  of  eocervtricity. 

When  the  maker  of  a  compass  is  about  to  fix  the  pivot  in  place, 
he  is  in  doubt  of  two  thinga ;  whether  the  needle  is  perfectly  atraight, 
and  whether  the  pivot  is  exactly  in  the  cen- 
tre. In  figures  151  and  152,  both  of  these 
are  represented  as  being  excessively  in 


Mrstly,  to  examine  if  the  needle  be 
straight.  Fix  the  pivot  temporarOy,  so 
that  the  ends  of  the  needle  may  cut  oppo- 
site degi-eea,  i.  e.  degrees  differing  by 
180O.  The  condition  of  tlungs  at  this 
stage  of  progress,  will  be  represented  by 
Fig.  151.  Then  turn  the  compass-box 
half  way  around.  The  error  will  now  be 
doubled,  as  is  shown  by  Fig.  152,  in  which 
tlie  former  position  of  the  needle  is  indi-  I 
cate5  by  a  dotted  line.*  Now  bend  the 
needle,  as  in  Fig.  153,  till  it  cuts  divi- 
Bions  midway  between  those  ^ut  by  it  in 


f.  (los;. 
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md  in  its  former  position 
This  makes  it  certain  that  the  needle  is 
straight,  or  that  its  two  ends  and  its  cen- 
tre lie  in  the  same  straigjit  line. 

Secondly,  to  put  the  pivot  in  the  cen- 
tre.  Move  it  till  the  straightened  needle  \ 
cuts  opposite  divisions.  It  is  then  certain 
that  the  direction  of  the  needle  pas 
tiirough  the  centre.  Turn  the  compass 
box  one-ciuarter  around,  aad  if  the  needle  doea  not  then  eut  oppo- 
site divbions,  move  the  pivot  till  it  does.  Kepeat  the  operation  in 
various  positions  of  the  box.  It  wiU  he  a  sufficient  test  if  it  cuts 
the  opposite  divisions  of  0°,  45°  and  90°. 

To  fix  the  sights  precisely  in  line,  draw  a  hair  through  their  slits 
and  move  them  till  the  hair  passes  over  the  0  points  on  the  circle. 

The  surveyor  can  also  examine  for  himself,  by  the  principle  of 
Reversion,  whether  the  line  of  the  sights  passes  through  the  centre 
or  not.  Sight  to  any  very  near  object.  Bead  off  the  numher  of 
degrees  indicated  by  one  end  of  the  needle.  Then  turn  the  com- 
pass half  around,  and  sight  to  the  same  object.  If  the  two  read- 
ings do  not  agree,  there  is  an  error  of  eccentricity,  and  the  arith- 
metical mean,  or  half  sum  of  the  two  readings  is  the  correct  one. 


In  I'ig.  154,  the  line  of  sight  AB  is  represented  as  ptssing  to 
one  side  of  the  centre,  and  the  needle  as  pointing  to  46^.  In  Fig. 
155,  the  compass  is  supposed  to  have  been  turned  half  around  and 
the  other  end  of  the  sights  to  be  directed  to  the  same  object. 
Suppose  that  the  needle  ^vould'  have  pointed  to  45°,  if  the  line  of 
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sight  had  passed  through  the  centre.  The  needle  will  now  point 
to  44°j  tlie  error  being  doubled  by  the  reversion,  and  the  true 
reading  being  the  mean. 

This  does  not,  however,  make  it  eeriain  that  the  line  of  the 
sights  passes  through  the  0  points,  ivhich  can  only  be  tested  bj  the 
hfur,  as  mentioned  above. 

(237)  LeTClSi  On  Oic  compass  plate  are  two  gmall  spirit  levels. 
They  consist  of  glass  tubes,  slightly  curved  upwards,  and  ueaidy 
filled  with  alcohol,  leavmg  a  bubble  of  air  -within  them.  They 
are  so  adjusted  that  when  the  bubbles  are  in  tie  centi-es  of  the 
tubes,  the  plate  of  the  compass  shall  be  level.  One  of  them  lies  in 
the  direction  of  the  sights,  and  the  ether  at  right  angles  to  Una 
direction. 

(228)  Tailgerat  Sc&U.  Tiiia  is  a  convenient,  thougli  not  essen- 
tial, addition  to  the  compass,  for  the  purpose  of  measuring  the 
slopes  of  ground,  so  tliat  the  proper  allowance  in  chaining  may  be 
made.  In  the  figure  of  the  compass,  page  126,  may  be  seen,  on 
the  edge  of  the  left  hand  sight,  a  small  projection  of  brass  with  a 
hole  through  it.  On  the  edge  of  the  otlier  sight  ai'e  engraved 
lines  numbered  from  0°  to  20°,  the  0°  being  of  the  same  height 
above  the  compass  plate  that  the  eye-hole  is.  To  use  this,  set  the 
compass  at  the  bottom  of  a  slope,  and  at  the  top  set  a  signal  of 
exactly  the  height  of  the  eye-hole  from  ^e  ground.  Level  the 
compass  very  carefully,  paj'ticularly  by  the  level  which  lies  length- 
ivise,  and,  with  the  eye  at  the  eye-hole,  look  to  the  signal  and  note 
the  number  of  the  division  on  the  farther  sight  which  is  cut  by  the 
visual  ray.  That  >vill  be  the  angle  of  the  slope ;  the  distances  of 
the  engraved  lines  from  the  0°  line  being  tangents  (for  the  radius 
equal  to  the  distance  between  the  sights)  of  the  angles  correspond- 
mg  to  the  numbers  of  the  lines. 

(229)  Vernier,  The  compass  box  is  connected  with  the  plate, 
which  carries  it  and  the  sights,  so  that  it  can  turn  around  on  thia 
plate.  This  motion  is  given  to  it  by  a  screw,  (called  a  slow-mo- 
IJon,  or  Tangent  screw),  the  head  of  which  is  the  nearest  one  in 
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the  figure  on  page  126.  If  two  Eaarka  be  made  opposite  to  each 
other,  one  on  the  projecting  part  of  the  compass  box,  and  the  other 
on  the  plate  to  -which  the  sights  are  fastenec!,  these  marks  will  sepa- 
rate when  the  slow-motion  screw  is  turned.  Their  distance  apart 
(in  angular  measui'ement,  i.  e.  fraetiona  of  a  cii'cle),  in  any  posi- 
tion, is  measured  by  a  contrivance  called  a  Vernier,  which  is  the 
minutely  divided  arc  of  a  circle  seen  between  the  left  hand  sight 
ami  the  compass  box.  It  will  be  better  to  defer  esplaimng  the 
mode  of  reacting  the  veraiei'  for  the  present,  since  it  is  rarely  used 
with  the  compaas,  and  an  entire  chapter  will  be  given  to  it  in  Part 
IV.  Ite  piinciple  is  similar  to  that  of  the  Vernier  Scale,  described 
in  Art.  (gjl).  Its  apph cations  in  "  Field-work "  will  be  noticed 
under  that  head. 


(t%W)  Trijssd.  The  compass,  hke  most  surveying  Instruments, 
is  usually  supporteil  on  a  Tripod,  consisting  of  three  legs,  shod  -with 
iron,  and  so  connected  at  top  as  tu  be  movable  in  any  direction. 
There  are  many  forms 
of  these.  Lightness 
and  stifEhess  are  the 
qualities  desired.  The 
most  \isual  form  is 
shewn  in  the  figures 
of  the  Transit  and  tlie 
Theodolite^  at  the  be- 
ginning of  Part  IV. 
Of  the  two  represent- 
ed in  Figs.  156  and 
157,  the  first  has  the 
advantage  of  being  ve- 
ry eamly  and  cheaply 
made  ;  and  the  second 
that  of  being  light  and 
yet  capable  of  very  firmly  resisting  horizontal  torsion. 

The  joints,  by  which  the  instrument  is  connected  with  the  tripod, 
are  also  vajions.  Pig.  158  is  the  "Ball-and-socket  joint,"  most 
usual  in  this  country.     It  takes  its  name  from  the  ball,  in  which 
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teiminatea  the  co^erel  spindle  TihicIiCDtei-s  a  corresponding  cavity 
unlei  the  compass  plate  anl  the  socket  in  which  tliis  ball  turns. 
It  idniito  of  motion  in  inj  dnecti  n  and  can  be  tightened  or  loos- 
ened by  turning  the  upper  half  of  the  hollow  piece  enclosing  it, 
which  is  screwed  on  the  lower  half.  Fig.  159  ia  called  the  "  Shell- 
joint."  In  it  tiie  two  shell-shaped  pieces  enclosing  the  ball  are 
tightened  by  a  thumb-screw.  Kg.  160,  is  "  Cngnot's  joint."  It 
consists  of  two  cylinders,  placed  at  right  angles  to  each  other,  and 
through  the  axes  of  which  pass  bolts,  which  turn  freely  in  the  cyHn- 
der  and  can  be  tightened  or  loosened  by  thumb-screws  at  their 
ends.  The  combination  of  the  two  motions  which  this  joint  permits, 
enables  the  instrument  which  it  carries,  to  be  placed  in  any  desired 
position.     This  joint  is  much  the  most  stable  of  the  three. 

(231)  Jacob's  Staff.  A  single  leg,  called  a  "Jacob's  Staff," 
has  some  advantages,  as  it  is  lighter  to  carry  in  the  field,  and  can 
be  made  of  any  wood  on  the  spot  where  it  is  to  be  used,  thus  sav 
ing  the  expense  of  a  tripod  and  the  trouble  of  ite  transportation 
Its  upper  end  is  fitted  into  the  lower  end  of  a  brass  head  which  has 
a  ball  and  socket  joint,  and  axis  above.  Its  lower  end  should  be 
shod  with  iron,  and  a  spike  running  through  it  is  useful  for  pressing 
it  into  the  ground  with  the  foot.  Of  course  it  cannot  be  conven- 
iently used  on  frozen  ground,  or  on  pavements.  It  may,  however, 
be  set  before  or  behind  the  spot  at  which  the  angle  is  to  be  mea- 
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flured,  provided  that  it  is  placed  very  precisely  in  the  line  of  direc- 
tion from  that  station  to  the  one  to  -which  a  sight  is  to  be  taken. 


(252)  TUe  Prismatic  CompasSi  The  peculiarity  of  this  instru- 
ment (often  called  Schmalcalder'a)  is  that  a  glass  triangular  prism 
is  substituted  for  one  of  tKe  sights.  Sunh  a  prism  has  this  peeuUar 
property  that  at  the  same  time,  it  can  be  seen  through,  so  that  a 
sight  can  be  taken  through  it,  and  that  its  upper  surface  reflects 
like  a  mirror,  so  that  the  numtcrs  of  the  degrees  immediately  under 
it,  can  be  read  off  at  the  same  time  that  a  sight  to  any  object  is 
taken.  Another  peculiarity,  necessary  for  profiimg  by  the  last 
one,  is,  that  the  divided  circle  ia  not  fixed,  but  is  a  card  fastened 
to  the  needle  and  moving  around  with  it,  as  in  tlie  Mariner's  Com- 
ion,  wMch  follows,  ia  condensed  from 


pass.     The  minute 
Simms. 

In  the  figure,  A  repre- 
sents the  compass  box,  and 
B  the  card,  which,  being 
attached  to  the  magnetic 
needle,  moves  as  it  moves, 
around  the  agate  centre, 
a,  on  which  it  is  siispend- 
ed.  The  circumference 
of  the  card  is  usually  di- 
vided to  I  or  I  of  a  ie- 
gree.  C  is  a  prism,  which  -,  n 
the  observer  looks  through. 
The  perpendicular  thread 
of  the  sight-vane,  E,  and 
fte  diviaons  on  tlie  card,  appear  tojether  on  looking  through  the 
pmm,  and  the  division  with  which  the  thread  cunicides,  when  the 
needle  is  at  rest,  is  the  "  Be^rmg"  of  -nhatevei  object  the  thrend 
may  bisect,  i.  e.  is  the  angle  which  the  bne  of  sight  makes  ■with  the 
direction  of  the  needle.  The  prism  is  mounted  with  a  hinge  joint, 
D.  The  sight-vane  has  a  fine  thread  stretched  along  its  opening, 
in  the  direction  of  its  length,  which  is  brought  to  bisect  any  cbj'ect, 
by  turning  the  box  around  horizontally.     F  is  a  mirror,  made  to 
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slide  oil  or  oif  the  sight-vane,  E ;  and  it  may  lie  reversed  at  plear 
sure,  that  is,  tm-ned  face  domiivards ;  it  can  also  be  inclined  at 
any  angle,  by  means  of  its  joint,  d ;  and  it  will  remain  stationary 
on  any  part  of  the  vane,  by  the  friction  of  ita  slides.  Its  use  is  to 
reflect  tlie  image  of  an  object  to  the  eye  of  an  observer  -when  the 
object  is  much  above  or  below  the  horizontal  plane.  The  colored 
glares  represented  at  G,  are  intended  for  observing  tlie  sun.  At 
e,  is  Bhown  a  spring,  which  being  pressed  by  the  finger  at  the  time 
of  observation,  and  then  released,  checks  the  ribrations  of  the  card, 
and  brings  it  more  speedily  to  rest.  A  stop  is  likewise  fixed  to 
the  other  side  of  the  box,  by- which  the  needle  may  be  thrown  off 
its  centre. 

The  method  of  using  this  instrument  is  very  simple.  First  raise 
the  prism  in  its  socket,  5,  until  you  obtain  a  distinct  view  of  the 
divisions  on  the  card.  Then,  st-anding  over  the  point  where  the 
anglea  are  to  be  taken,  hold  the  instrument  to  tiie  eye,  and,  looking 
through  the  slit,  <7,  turn  around  tall  the  thread  in  the  sight-vane 
bisecte  one  of  the  objects  whose  bearing  is  required ;  then  by  touch- 
ing the  spring,  e,  bring  the  needle  to  rest,  and  the  division  on  the 
card  wMch  comoides  irith  the  thread  on  the  vane,  will  be  the  bear- 
ing of  the  object  from  the  north  or  south  points  of  the  magnetic 
meridian.  Then  turn  to  any  other  object,  and  repeat  the  opera- 
tion ;  the  difference  between  the  hearing  of  this  object  and  that  of 
flie  former,  will  be  the  angular  distance  of  the  objects  in  question. 
Thus,  suppose  the  former  bearing  to  be  40°  30',  and  the  latter 
lOo  15',  both  east,  or  both  west, 
from  the  noHh  or  south,  the  angle 
will  be  30^  16',  The  divisions  are 
generally  numbered  b°,  10°,  15°, 
&c,  around  the  circle  to  360°. 

The  figiu-es  on  the  compass  card 
are  leversed,  or  written  upside 
down,  as  in  the  figure  (in  which 
only  every  fifteenth  degree  is  mark- 
ed), because  they  are  again  re- 
veraed  by  the  prism, 
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(S;53)  The  prismatic  compass  is  generally  held  in  the  hand,  the 
bearing  being  caught,  as  it  were,  in  passing ;  but  more  accurate 
readings  would  of  course  be  obtained  if  it  rested  on  a  support,  such 
as  a  stoke  cut  9at  on  its  top. 

In  tiie  former  mode,  the  needle  never  comes  completely  to  rest, 
particularly  in  the  ivind.  In  such  cases,  observe  the  extreme  di- 
lisions  between  wlueh  the  needle  Yibrates,  and  take  their  aritlt" 
metica!  mean. 


(2S4)  Defects  »f  CQIIipasS.     The  compaa?  is  deficient  m  botii 
precision  and  correctness." 

The  former  defect  arises  from  the  indefiniteness  of  its  mode  of 
indicating  the  part  of  the  circle  to  which  it  points.  The  point  of 
the  needle  tas  considerable  thickness ;  it  cannot  Cfuite  touch  the 
divided  circle ;  and  these  divisions  are  made  only  to  whole  or  half 
degrees,  though  a  fraction  of  a  division  may  be  estimated,  or  guessed 
at.  The  Vernier  does  not  much  better  this,  as  we  shall  see  when 
explaining  its  use.  Now  an  inaccuracy  of  one  quarter  of  a  degree 
in  an  angle,  i.  e.  in  the  difference  of  the  directions  of  two  lines, 
causes  them  to  separate  from  each  other  5^  inches  at  the  end  of 
100  feet ;  at  the  end  of  1000  feet  nearly  4^  feet ;  and  at  the  end 
of  a  mile,  23  feet,  A  difference  of  only  one-tenth  of  a  degree,  or 
sis  minutea,  would  produce  a  difference  of  1|  feet  at  the  end  of 
1000  feet ;  and  9^  feet  at  the  dbtaace  of  a  mile.  Such  are  the 
differences  which  may  result  from  the  waat  of  predsion  in  the  m- 
dications  of  the  compass- 
But  a  more  serious  defect  is  the  want  of  eorrectness  in  the  com- 
Itaas,  Its  not  pointing  exactly  to  the  true  north  does  not  indeed 
affect  the  correctness  of  the  angles  measured  by  it.  Eut  it  does  not 
point  in  the  same  or  in  a  parallel  direction,  during  even  the  same 
day,  but  changes  its  direction  between  sunrise  and  noon  nearly  a 
quaiter  of  a  degree,  as  will  be  fully  explained  in  Chapter  YIII. 
The  effect  of  such  a  difference  we  have  jost  seen.     This  direction 


n\ist  not  coofound  theSE  two  qiialiti 
lie  eaBtem  quarter  of  the  heavens  ! 
iscisf,  A  watch  will]  a  second  han 
always  correctly.  The  slaieinent  tl 
lot  usuaUy  regarded  bs  correct. 
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may  also  be  gi'eatly  altered  in  a  moment,  without  the  knowledge 
of  the  surveyor,  hy  a  piece  of  iron  being  brought  near  to  the  com 
pass,  or  by  some  other  local  attraction,  as  will  be  noticed  hereafter. 
This  is  the  weak  point  in  the  compass. 

Notwithstanding  these  defects,  the  compass  is  a  very  valuable 
mstrument,  from  its  simplicity,  rapidity  and  convenience  in  use  ; 
and  though  never  precise,  and  seldom  correct,  it  is  generally  not 
veri/  wrong. 


CHAPTER  in. 


THE  FIELD  WORK. 


(233)  Talon?  Bcariiig:s.  Tho  "  Bearing"  of  a  line  is  the  an- 
gle which  it  makes  with  the  direction  of  the  needle.  Thus,  in  Pig. 
147,  page  124,  the  angle  NAB  is  the  Bearing  of  the  lino  AB,  and 
NAO  is  the  Bearing  of  AC.  The  Bearing  and  length  of  a  line  are 
named  collectively  the  Course. 

To  take  tho  Bearing  of  ajiy  line,  set  the  compass  exactly  over 
any  point  of  it  by  a  plumb-line  suspended  from  beneath  the  cen- 
tre of  the  compass,  or,  approximately,  by  di'Opping  a  stone.  Level 
the  compass  by  brining  the  air  bubbles  to  the  middle  of  the  level 
tubes.  Direct  the  sights  to  a  rod  held  truly  vertical,  or  "  plumb," 
at  another  pomt  of  the  Ime,  the  more  distant  the  better.  Tho  two 
ends  are  usually  taken.  Sight  to  tho  lowest  visible  point  of  the 
rod.  When  the  needle  comes  to  rest,  note  what  division  on  the 
circle  it  points  to ;  taking  the  one  indicated  by  the  North  end  of 
the  needle,  if  the  North  point  on  the  circle  is  farthest  from  you, 
and  viee  versa. 

la  reading  the  division  to  which  one  end  of  the  needle  points, 
the  eye  should  be  placed  over  the  other  end,  to  avoid  the  error 
which  might  result  irom  tlie  "parallax,"  or  apparent  change  of 
p!ace,  of  the  end  read  from,  when  looked  at  oblii^uely. 


Hosted  by 


Google 


CHAP.  III. J 


The  Field  Work. 


The  bearing  is  read  and  recorded  by  noting  between  -wliat  letters 
the  end  of  the  needle  comes,  and  to  what  number ;  naming,  or 
writing  down,  firstly,  that  letter,  N  or  S,  which  is  at  the  0=>  point 
nearest  to  that  end  of  the  needle  from  which  you  are  reading ; 
secondly,  the  number  of  degrees  to  which  it  points,  and  thirdly, 
the  letter,  E  or  W,  of  the  90°  point  which  is  nearest  to  the  same 
end  of  the  needle.  Tlius,  in  the  figure,  if  when  the  eights  wsro 
du-ected  along  a  Imc,  (the  North  Fig.  IG3. 

point  of  the  compass  being  most 
distant  from  the  ohserver),  the 
North  end  of  the  needle  was  at  the 
point  A,  the  bearing  of  flie  line 
sighted  on,  would  be  North  45° 
East ;  if  the  end  of  the  needle  was 
at  B,  the  bearing  would  be  East ;  if 
at  C,  S.  30°  E ;  if  at  D,  SouO.;  if 
at  E,  S.  60°  W ;  if  at  F,  West ;  if 
at  G,  N.  60==  W ;  if  at  H,  North. 


Fig.  I6i. 


(236)  We  can  now  nndei-stand  why  W  is  on  the  right  hand  of 
the  compass-box,  and  E  on  the  left.  Let  the  direction-  from  the 
centre  of  the  compass  to  the  pomt 
E  in  the  figure,  be  required,  and 
Buppose  the  sights  in  the  first  place 
to  be  pointing  in  the  direction  of  the 
needle,  S  N,  and  the  North  sight 
to  be  ahead.  When  the  sights  (and 
the  cu"cle  to  which  they  are  fasten- 
ed) have  been  turned  so  as  to  point 
in  the  direction  of  E,  the  point  of 
the  circle  marked  E,  will  have  come  round  to  the  North  end  of  the 
needle,  (since  the  needle  remains  imrmvaUe,')  and  the  reading  will 
dierefore  be  "  East,"  as  it  should  be.  The  effect  on  the  i-eading 
is  the  same  as  if  the  needle  had  moved  to  the  left  the  same  quantity 
which  the  sights  have  moved  to  the  right,  and  the  left  side  is  there- 
fore properly  marked  "  East,"  and  vice  versa.  So,  too,  if  iha 
toaraig  of  the  line  to  C  be  desired,  half-way  between  North  and 
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East,  J.  e,  N.  45"^  E, ;  wlien  the  aghts  and  tiie  circle  have 
turned  45  degrees  to  the  right,  the  needle,  reEully  staiiding  still, 
has  apparently  arrived  at  the  point  half-ivay  hetween  N.  and  E., 
i.  e.  N.  45°  E. 

Some  surveyors'  compasses  are  marked  the  reverse  of  this,  the 

E  on  the  rigM  and  the  W  en  the  left.     These  letters  must  then  be 

he  mind  before  the  bearing  ia  not«d  down. 


(2$T)  EcadSng  with  Vernier.  When  the  needle  does  not  point 
precisely  to  one  of  the  division  marks  on  the  circle,  the  fractional 
part  of  tho  smallest  space  is  usually  estimated  by  the  eye,  ^  has 
been  explained.  But  this  fractional  part  may  be  measured  by  the 
Vernier,  described  in  Art.  (229),  as  follows.  Supple  the  needle 
to  point  between  N.  31°  E.  and  N.  31^°  E.  Turn  the  tangent 
screw,  which  moves  the  compass-bos,  till  the  smaller  division  (in 
this  case  31°)  has  come  i-omid  to  the  needle.  The  Vernier  will 
then  indicate  through  what  space  the  compa^-box  has  moved,  and 
therefore  how  much  must  be  Etdded  to  the  reading  of  the  needle. 
Suppose  it  indicates  10  nunutes  of  a  degree.  Then  the  bearing  is 
N,  31°  10'  E.  It  is,  however,  so  difficult  to  move  the  Vernier 
irithout  disturbing  the  whole  instrument,  that  this  is  seldom  resorted 
fa)  in  practice.  The  chief  use  of  the  Vernier  is  to  set  the  instrii- 
ment  for  running  lines  and  maldng  an  allowance  for  the  vai'iation 
of  tiie  needlft,  as  will  be  explained  in  the  proper  place.     A  Vemier- 

A  Vernier  arc  is  sometimes  attached  to  one  end  of  tlie  needle 
and  carried  around  by  it. 

(288)  Practical  Hints,  Mark  every  station,  or  spot,  at  which 
the  compass  is  set,  by  driving  a  stake,  or  digging  up  a  sod,  or  piling 
up  stones,  or  otherwise,  so  that  it  can  be  found  if  any  error,  or  other 
cause,  makes  it  necessary  to  repeat  the  survey. 

Very  often  when  the  line  of  which  the  bearing  is  required,  is  a 
fence,  &e.,  the  compass  cannot  be  set  upon  it.  In  such  cases,  set 
the  compass  so  that  its  centi-e  is  a  foot  or  two  from  the  line,  and 
set  the  flag-staff  at  precisely  the  same  distance  from  the  line  at  the 
other  end  of  it.  The  bearing  of  tlie  flag-^taff  from  the  compass 
will  be  tho  same  as  that  of  the  fence,  the  two  lines  being  parallel 
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The  distances  shoiild  be  measured  on  the  real  line.  If  more  con- 
venient the  compass  may  be  set  at  some  point  on  the  hne  prolong- 
ed, or  at  some  intermediate  point  of  the  line,  "inline"  between  ita 
extremities. 

In  setting  the  compass  level,  it  is  more  important  to  have  it  level 
crossways  of  the  sights  than  in  their  direction ;  eince  if  it  he  not  so, 
on  looking  up  or  down  hill  through  the  upper  part  of  one  sight  and 
the  lower  part  of  the  other,  the  hne  of  sight  will  not  he  parallel  to 
(iio  N  and  S,  or  zero  line,  on  the  compass,  and  an  incorrect  hear- 
ing will  therefore  be  obtained. 

The  compass  should  not  be  levelled  by  the  needle,  as  some  books 
recommend,  i.  e.  so  levelled  that  the  ends  of  the  needle  shall  he  at 
equal  distances  below  the  glass.  The  needle  should  be  brought  so 
originally  by  the  maker,  but  if  so  adjusted  in  the  morning,  it  will 
not  be  so  at  noon,  owing  to  the  daily  variation  in  the  dip.  If 
then  the  compass  bo  levelled  by  it,  the  lines  of  sight  will  generally 
be  more  or  less  oblique,  and  therefore  erroneous.  If  the  needle 
touches  the  glass,  when  tlie  compasb  is  levelled,  balance  it  by  slid- 
ing the  coil  of  wire  along  it. 

The  same  end  of  the  compass  should  alnajs  go  ahead.  The 
North  end  is  preferable.  The  South  end  niU  then  be  nearest  to 
the  observer.  Attention  to  this  and  to  the  caution  in  the  next 
pEkragraph,  will  prevent  any  confusion  in  the  hearings. 

Always  take  the  readings  from  the  same  end  of  the  needle ; 
from  the  North  end,  if  the  North  end  of  the  t'ompass  goes  ahead  ; 
and  viae  versa.  This  is  necessary,  because  tne  two  ends  will  not 
always  cut  opposite  degrees.  With  this  precaution,  however,  the 
angle  of  t^o  meethig  lines  can  he  obtained  con-ectly  fi-om  either 
end,  provided  the  same  one  is  used  in  taking  the  beaiings  of  both 
the  lines. 

Guard  against  a  very  frequent  source 
of  error  with  hegmners,  in  reading  from 
the  wrong  number  of  the  two  between 
which  the  needle  poiuta,  such  as  reading 
84°  for  2(5°,  in  a  case  like  that  in  the 
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Check  the  vibrations  of  the  needle  by  gently  raising  it  off  tha 
pivot  so  as  to  touch  the  glass,  and  letting  it  dorni  again^  by  the  screT^ 
on  Hie  under  side  of  the  box. 

The  compass  should  be  smartly  tapped  after  the  needle  haa 
settled,  to  destroy  the  effect  of  any  adtesioa  to  the  pivot,  or  fric- 
tion of  dust  upon  it. 

All  iron,  such  as  the  chain,  &c.,  must  be  kept  at  a  distance  from 
the  compass,  or  it  -will  attract  the  needle,  and  cause  it  to  deviate 
from  its  proper  direction. 

The  aurreyor  is  sometimes  troubled  by  the  needle  refusing  to 
traverse  and  adhering  to  the  glass  of  the  compass,  after  he  haa 
briskly  wiped  this  off  with  a  silk  handkerchief,  or  it  has  been  car- 
ried so  as  to  rub  against  his  clothes.  The  cause  is  the  electricity 
excited  by  the  friction.  It  is  at  once  discharged  by  applymg  a 
ivet  finger  to  the  glass. 

A  compass  should  be  carried  with  its  face  resting  against  the 
side  of  the  surveyor,  and  one  of  the  sights  hooked  over  his  arm. 

In  distant  surveys  an  extra  centre  pin  should  be  carried,  (aa  it 
is  very  liable  to  injury,  and  its  perfection  is  most  essential),  and, 
also,  an  extra  needle.  When  two  such  are  carried,  they  should 
be  placed  so  that  the  north  pole  of  one  rests  against  the  south  pole 
of  the  other. 

(239)  When  the  magnetism  of  the  needle  is  lessened  or  destroy- 
ed by  time,  it  may  be  renewed  as  follows.  Obtain  two  bar  mag- 
nets. Provide  a  board  with  a  hole  to  admit  of  the  axis,  so  that  its 
collar  may  fit  fairly,  and  that  the  needle  may  rest  flat  on  it,  with- 
out bearing  at  the  centre.  Place  the  board  before  you,  with  the 
north  end  of  the  needle  to  your  right.  Take  a  magnet  in  each 
hand,  the  left  holding  the  North  end  of  the  bar,  or  that  which  has 
the  mai'k  across,  downwards ;  and  the  right  holdiag  the  same  mark 
upwards.  Bring  the  bars  over  the  axia,  about  a  foot  above  it, 
without  approaching  ea«h  other  within  two  inches: — bring  them 
down  vertically  on  the  needle,  (the  marks  as  directed)  about 
an  inch  on  each  side  of  its  axis  ;  slide  them  outwards  to  its  enda 
with  slight  pressure ;  raiso  them  up  ;  bring  them  to  their  former 
position,  and  repeat  tliis  a  number  of  times. 


Hosted  by 


Google 


CHAP.  III.]  The  Field  Work.  143 

(240)  Back  Sights.  To  test  the  accuracy  of  the  bearing  of  a 
line,  taken  at  one  end  of  it,  set  up  the  oompaas  at  the  other  end, 
or  point  sighted  to,  aad  look  hack  to  a  rod  held  at  the  first  station, 
or  point  where  the  compass  had  been  placed  ori^ally.  The  resid- 
ing of  the  needle  shovild  now  be  tiie  same  as  before. 

If  the  position  of  the  sights  had  been  reversed,  the  reading 
would  he  the  JReverse  Bearing;  a  former  bearing  of  K.  30°  E. 
wovdd  then  bo  S.  30°  "W.,  and  eo  on. 

(241)  Local  attraction.  If  the  Back-sight  does  not  agree 
with  the  firat  or  forward  sight,  this  latt«r  must  be  taken  over  again. 
If  the  same  difference  is  again  found,  this  shows  that  there  ia  local 
attraction  at  one  of  the  stations ;  i,  e.  some  influence,  such  as  a 
mass  of  iron  ore,  ferruginous  rocks,  ice.,  under  the  surface,  which 
attracts  the  needle,  and  makes  it  deviate  from  its  usual  direction. 
Any  high  object,  such  as  a  house,  a  tree,  &c.,  has  recently  been 
found  to  produce  a  sinular  effect. 

To  discover  at  which  station  the  attraction  exists,  set  the  com- 
pass at  several  intermediate  points  in  the  line  which  joins  the  two 
stations,  and  at  points  in  the  line  prolonged,  and  iake  the  bearing 
of  the  line  at  each  of  these  points.  The  agreement  of  several  of 
these  bearings,  taken  at  distant  points,  will  prove  their  correctness. 
Otherwise,  set  the  compass  at  a  third  station ;  eight  to  each  of  the 
two  doubtful  ones,  and  then  from  them  back  to  this  thurd  station. 
This  will  show  which  is  correct. 

When  the  difference  occurs  in  a  series  of  lines,  such  as  around  a 
field,  or  along  a  road,  proceed  ^'^s-  ig«- 

thus.  Let  C  be  the  station  at 
which  the  back-sight  to  B  dif-  -2^___ 
fers  &om  the  foresight  from 
E  to  C.  Since  the  back-«ight  from  B  to  A  is  supposed  to  have 
agreed  with  the  foresight  from  A  to  B,  the  local  attraction  must  be 
at  C,  and  the  forward  bearing  must  be  corrected  by  the  difference 
just  found  between  the  fore  and  hack  sights,  adding  or  subtracting 
it,  according  to  circumstances..    An  easy  method  is  to  draw  a 
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figure  for  the  case,  as  inFig.  1S7.     In  ^'S-  ^^''-     ^ 

it,  suppose  the  truo  bearing  o£  EC,  as  n'^  /"^ 

given  by  a  fore^sight  from  B  to  C,  to  \>e 
N.  40°  E.,  but  that  there  is  local  at- 
traction at  C,  so  that  the  needle  is  drawn 
adde  10°,  and  points  in  the  direction 
S'N',  insteaa  of  SN.    The  bacUight 

from  C  to  B  ivill  then  give  a  bearing 

of  N.'  50°  E. ;  a  difference,  or  correc-  - 

tion  for  the  next  fore-sight,  of  10^.     If  the  nest  fore-sight,  from  C 

to  D,  be  N.  70°  E,  this  10°  must  be  subtracted  from  it,  maldng 

the  true  fore-Kght  N.  60-=  E. 

A  general  mie  may  also  be  given.  When  the  hael^sight  is 
greater  than  the  foresight,  as  in  this  case,  sabtrEtct  the  difference 
from  the  next  foresight,  if  that  course  and  the  preceding  one  have 
both  their  letters  the  same  (as  in  this  case,  both  being  N.  and  E.), 
or  both  their  letters  different ;  or  add  the  difference  if  either  the 
SiBt  or  last  letters  of  the  tiyo  courses  are  different.  When  the 
hack-sight  is  less  than  the  fore-Sight,  add  the  difference  in  the  case 
in  vchich  it  haa  just  been  directed  to  subh'act  it,  and  subtract  it 
ivbere  it  was  before  directed  to  add  it. 

(212)  Aagles  »f  deflcctivti.  When  the  compass  indicates 
much  local  attraction,  the  difference  between  the  directions  of 
two  meetmg  lines,  (or  the  ^^  angle  of  deflection"  of  one  from  the 
other),  can  still  be  correctly  measured,  by  taking  the  difference  of 
the  bearmgs  of  the  two  lines,  as  observed  at  the  same  point.  T"or, 
the  error  caused  by  the  local  attraction,  whatever  it  may  be,  affects 
botii  bearing  equally,  inasmuch  as  a  "Bearing"  is  the  angle 
■which  a  line  makes  with  the  direction  of  the  needle,  and  that  here 
remains  fixed  in  some  one  direction,  no  matter  what,  during  the 
taldng  of  the  two  bearings.  Thus,  in  Kg.  167,  let  the  true  bear- 
ing of  BC,  i.  e.  the  angle  which  it  makes  with  the  line  SN,  be,  as 
before,  N.  40='  E.,  and  tiiat  of  CD  N.  60°  E.  The  true  "  angle 
of  deflection"  of  these  fines,  or  the  angle  E'CD,is  therefore  20O. 
Now,  if  local  attraction  at  C  causes  the  needle  to  point  in  the  direc- 
S'N',  10°  to  tiie  left  of  its  proper  direction,  BC  will  bear  N.  50'' 
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E.J  and  CD  N.  70°  E.,  and  tke  difference  of  these  bearings,  i 
the  angle  of  deflection,  wiU  he  the  same  as  hefore. 


(243)  Angles  between  Courses.  To  detemune  the  angle  of 
deflection  of  two  courses  meeting  at  any  point,  tto  following  simple 
rules,  tho  reasons  of  which  will  appear  from  tlie  accompanying 
figures,  are  sufficient. 


F«.  les. 


Case  1.  "WTicn  tlie  first  letters  of  the 
bearing  are  alike,  (i.  e.  both  H".  or  both 
S.),  and  the  last  letters  also  alike,  (i.  e. 
both  E.  or  botli  W.),  take  the  difference 
of  the  bearings.  Mxample..  If  AB  bears 
N.  30°  E.  and  BC  bears  N.  10^  E.,  the 
angle  of  deflection  CBB'  is  20<=. 


Case  2.  When  the  first  letters  are 
alike  and  the  last  letters  different ;  take 
the  sum  of  the  beai-mgs.  Ex.  If  AB 
bears  N.  40°  E.  and  BO  bears  N.  20° 
W. ;  the  angle  OBB'  is  60°. 


Case  8.  WTien  the  first  letters  are 
different  and  the  last  letters  alike,  sub- 
tract the  sum  of  the  bearinga  from  180°. 
Ex.  If  AE  bears  N.  30°  E.  and  BC 
bears  S.40°E.;  the  angle  CBB' is  110°. 
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Case  4.  "When  botii  the  first  and 
last  letters  are  different,  subtract  tlio 
difFerence  of  the  beamgs  from  180°. 
Ex.  If  AB  bears  S.  30°  W.  and  BC 
bears  N.  10°  E. ;  the  angle  CEB'  is 
140°. 


Jf  the  angles  included  hetween  the  courses  are  desired, 
they  will  be  at  once  found  by  reversing  one  bearing,  and  then  ap- 
plying the  above  rules ;  or  bj  subtraetitig  the  resulta  obtained  as 
above  from  180° ;  or  an  analogous  set  of  rules  could  be  formed 
for  them. 


(2^i)  To  change  Bearings.  It  is  convenient  in  certain  cal- 
culations to  suppose  one  of  the  lines  of  a  survey  to  change  its  direc- 
tion so  as  to  become  due  North  and  South ;  that  is,  to  become  a 
Bevr  Meridian  line.  It  is  then  necessary  to  determine  what  the 
bearings  of  the  other  lines  will  be,  supposing  them  to  change  with 
it.  The  subject  may  he  made  plain  by  siipposing  the  survey  to  be 
platted  in  the  usual  way,  with  the  North  uppermost,  and  the  plat 
to  be  then  turned  around,  till  tie  line  to  be  changed  is  in  tlie  de- 
sired direction.  The  effect  of  this  on  the  other  lines  will  be  readily 
seen.     A  G-en^ral  Huh  caji  also  he  foi-med. 

Take  the  difference  between  the  origmal  bearing  of  the  side 
which  becomes  a  Mendian  and  each  of  those  bearings  which  have 
both  tlieir  letters  the  same  as  it,  or  both  different  from  it.  The 
changed  bearings  of  these  lines  retain  the  same  letters  as  before,  if 
they  were  ori^nally  greater  than  the  original  bearing  of  the  new  Me- 
ridian line ;  Ijut,  if  they  were  less,  they  are  thrown  on  the  other  side 
of  the  N.  and  S.  line,  and  their  last  letters  are  changed ;  E.  being 
pat  for  W.  and  W  for  E. 

Take  the  sum  of  the  ori^nal  hearing  of  the  new  Meridian  line, 
and  each  of  those  bearings  which  have  one  letter  the  same  as  one 
letter  of  the  former  bearing,  and  one  different.    If  this  sum  exceeds 
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90°,  this  shews  that  the  hne  is  tlirown  on  the  other  side  of  th« 
East  or  West  point,  and  the  difference  between  this  sum  and  180° 
will  be  the  new  bearing  and  the  first  letter  wiU  be  changed,  N. 
being  put  for  S.  and  S.  for  N. 

Example.  Let  tJie  Bearings  of  the  sides  of  a  field  be  as  follows ; 
N.  32°  E. ;  N.  80°  E. ;  S.  48o  E. ;  S.  18°  W. ;  N.  78^°  W. ; 
North.  Suppose  the  first  side  to  beeorae  due  North ;  the  changed 
bearings  will  then  be  as  follows :  North ;  N.  48o  E. ;  9.  80o  E. ; 
S.  14o  E. ;  S.  74^°  W. ;  N.  32«  W. 

To  apply  the  rule  to  the  "  North"  coui-se,  as  above,  it  must  be 
called  N.  0°  "W. ;  and  then  by  the  Bnle,  32^  must  be  added  to  it. 

The  true  bearings  can  of  coui'se  he  obtained  from  the  changed 
beamiga,  by  reversing  the  operation,  taking  the  sum  instead  of  the 
difference,  and  vice  versa. 


(2i5)  Line  §ii!Teying,  This  name  may  be  ^ven  to  surveya 
of  lines,  such  as  the  windings  of  a  brook,  the  curves  of  a  road,  &c.. 
by  way  of  dietinction  from  Farm  Surveymg,  in  which  the  lines 
surveyed  enclose  a  space. 

To  survey  a  brook,  or  any  similar  line,  set  the  compass  at,  or 
near,  one  end  of  it,  and  take  the  bearing  of  an  imaginary  or 
visual  line,  i-unning  in  the  general  average  dii-ection  of  the  brook. 


such  as  AB  in  the  figure.  Measure  this  line,  taking  ofeets  to  t! 
various  bends  of  the  brook,  as  to  the  fence  explained  in  Art.(U5). 
Then  set  the  compass  at  E,  and  take  a  back-^ght  to  A,  and  if 
they  agree,  take  a  fore-sight  to  C,  and  proceed  as  before,  noting 
particularly  the  pointa  where  the  line  crosses  the  brook. 

To  survey  a  road,  take  the  beai'ings  and  lengths  of  tlic  1 
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■wLicli  can  be  most  conveniently  meaaured  in  the  road,  and  mea« 
Eure  ofisets  on  each  side,  to  the  outside  of  the  road. 

When  the  line  of  a  new  road  is  eurveyed,  the  bearings  and 
lengths  of  the  various  portions  of  its  intended  centre  line  should  he 
measured,  and  the  distance  which  it  runs  through  each  man's  land 
should  be  noted.  Stones  should  he  set  in  the  grounct  at  recorded 
distances  from  each  angle  of  the  lino,  or  in  each  line  prolonged  a 
known  distance,  so  as  not  to  he  disturbeii  in  making  tiis  msA. 

In  surveying  a  wide  river,  one  bank  may  be  surveyed  by  the 
method  just  ^ven,  and  points  on  the  opposite  bants,  as  trees,  &c., 
may  be  fixed  by  the  method  of  intersections,  founded  on  the  Fourth 
Method  of  determining  the  position  of  a  point ;  and  fully  explained 
in  Part  IV. 

(246)  Checks  by  intersecting  Itcariags.  At  each  station  at 
which  the  compass  is  set,  iak<i  bearings  to  some  remarkable  object, 
such  as  a  church  steeple,  a  distant  house,  a  high  tree,  &c.  At 
least  three  bearings  should  bo  taken  to  each  object  to  make  it  of 
any  use :  since  two  are  necessary  to  determine  it,  (by  our  Fourth 
Method")  and,  till  thus  determined,  it  can  be  no  check.  When 
the  hne  is  platted,  by  the  methods  to  be  explained  in  the  next 
ch^iptei ,  pht  also  the  lines  given  by  these  bearings.  If  those  taken 
to  the  same  object  from  three  different  stations,  intersect  m  the 
same  pomt,  this  proves  that  there  has  been  no  mistake  in  the  sur' 
^ey  01  plattmg  of  those  stations. 

If  any  bearing  does  not  intersect  a  point  fixed  by  previous  bear- 
ings, it  shows  that  there  has  been  an  error,  either  between  the  last 
station  and  one  of  those  which  fixed  the  point,  or  in  the  last  bear- 
ing to  the  point.  To  discover  which  it  waa,  plat  the  following  lint 
of  the  survey,  and,  at  its  extremity,  set  off  the  bearing  from  it  to  the 
point;  and  if  the  line  thus  platted  passes  through  the  point,  it 
proves  that  there  was  no  error  in  the  line,  but  only  in  the  bearing 
to  the  point.  If  otherwise,  the  error  was  somewhere  in  the  line 
between  the  stations  from  which  the  bearings  to  that  point  were 
taken. 
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(247)  Keeping  tlic  Field-notes.  The  simplest  and  easiest 
metliod  for  a  beginner  is  to  make  a  rough  sketch  of  Ihe  survej  bj 
eye,  ancl  wiite  iJoivn  on  the  lines  their  bearings  and  lengths. 

Ad  improvement  on  this  is  to  actually  lay  down  the  precise  bear 
inga  and  lengths  of  the  lines  in  the  field-book  in  the  manner  to  be 
explained  in  the  chapter  on  Platting,  Art.  (269). 

(348)  A  second  method  is  to  draw  a  Btraight  line  op  the  page 

of  the  field-hook,  and  to  writs  on  it  the  beamngs  and  lengihs  of 
the  lines.  The  only  advantage  of  this  method  is  that  the  line  wiU 
not  run  off  the  side  of  the  page,  as  it  is  apt  to  do  in  the  preceding 
method. 

(219)  A  third  inethod  is  to  represeni  the  line  surveyed,  by  a 
double  column,  as  in  Part  II,  Chapter  I,  Art.  (95),  which  shoulct 
be  now  referred  to.  Thi?  bearings  are  wiitten  obliquely  up  the 
columns.  At  tlie  end  of  each  course,  its  length  is  written  in  the 
column,  and  a  line  drawn  aoross  it.  Dotted  lines  are  drawn  across 
the  column  at  any  intermediate  measurement.  Offeeta  are  noted 
as  explained  in  Art.  (114). 

The  intersee lion-bearings,  described  in  Art.  (246),  should  be 
entered  in  the  field-book  before  the  bearings  of  the  Une,  in  order 
to  avoid  mistakes  of  platting,  in  setting  off  the  measured  distances 
on  the  wrong  line. 

(250)  A  fourth  method  is  to  write  the  Stations,  Bearings,  and 
Distajicea  in  three  columns.  This  is  compact,  and  has  the  advan- 
tage, when  applied  to  farm  surveymg,  of  presenting  a  form  suitable 
for  the  subsequent  calculations  of  Content,  but  does  not  give  facili- 
ties for  noting  offsets. 

Examples  of  these  four  methods  are  gjven  uiArt.  (254)  ;  which 
contains  the  field-notes  of  the  lines  bounding  a  field. 

(251)  Kcif-r«rk  Canal  Maps.  The  following  is  a  description 
of  the  ori^nal  maps  of  the  survey  of  the  line  of  the  New- York  Erie 
Qanal,  as  published  by  the  Canal  Commissioners.  The  figure 
represents  a  portion  of  such  a  map ;  hut,  necessarily,  with  all  its 
linos  black ;  ro^  and  blue  lines  being  used  on  tho  real  map. 
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"  The  Ked  Line  described  along  the  inner  edge  of  tJic  towing 
path  is  the  base  line,  upon  which  all  the  measurements  in  the  direo 
tion  of  the  length  of  the  canal  were  made.  The  bearings  refer  to 
the  magnetic  meridian  at  the  time  of  the  survey.  The  lengths  of 
the  several  portions  are  inserted  at  the  end  of  each,  in  chains  and 
links.  The  offsets  at  each  station  are  represented  by  red  lines 
drawn  across  the  canal  in  such  a  direction  as  to  bisect  the  angles 
formed  hj  the  two  contiguous  portions  of  the  red  or  base  line,  upon 
the  towing  path.  The  intermediate  offsets  are  set  off  at  right  angles 
to  the  base  line ;  aiid  the  dbtances  on  both  are  g^ven  from  it  in 
Imks.  The  intm-mediate  offsets  are  represented  by  red  dotted  lines, 
and  the  distances  to  fcem  upon  the  base  line  are  reckoned,  in  ea«li 
case,  from  the  last  preceding  station.  The  same  is  likewise  done 
with  the  other  distances  upon  the  base  line ;  those  to  the  bridges 
being  taken  to  the  lines  joining  the  nearest  angles,  or  comer  posts 
of  their  abutments ;  those  to  the  Locks  extending  to  the  lines  pass- 
ing through  the  centres  of  the  two  nearest  quoin  posts ;  and  those 
to  the  Aqaediiots,  to  the  faces  of  their  abutments.  The  spaea 
enclosed  by  the  Blub  Lines  represents  the  portion  embraced  with- 
in the  hmits  of  the  survey  as  belonging  to  the  state ;  and  the  names 
of  the  adjoimng  proprietors  are  given  as  they  stood  at  the  time  of 
executing  the  survey.  The  diataneea  are  projected  upon  a  scale 
of  two  chains  to  the  inch." 


(232)  Farm  Sarveyiag;.  A  farm,  or  field,  or  other  space  m- 
cludei  within  known  lines,  is  usually  surveyed  by  the  compass 
thus.  Eogin  by  walking  around  the  boundary  lines,  and  setting 
stakes  at  all  the  corners,  which  the  flag-man  should  specially  note. 
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sj  that  he  may  readily  find  them  again.  Then  set  the  compasa  at 
any  corner,  and  send  the  flag-man  to  the  next  comer.  Take  tha 
bearing  of  the  bounding  Hne  running  from  corner  to  comer,  which 
is  U3ual2y  a  fence.  Measure  its  length,  taking 
Xote  where  any  other  fence,  or  road,  or  other  line,  c 
it,  and  take  their  hearings.  Take  the  compass  to  the  end  of  this 
first  bounding  line  ;  sight  back,  and  if  the  back-sight  agrees,  take 
the  bearing  and  distancQ  of  the  nest  bounding  lins ;  and  so  pi-oeeed 

till  jou  Lave  got  back  to  the  point  c>f  starting. 

(253)  Where  speed  is  more  important  than  aecnracy  in  a  sur. 
vey,  whether  of  a  line  or  a  farm,  the  compasa  need  be  set  only  at 
every  otiier  station,  taking  a  forward  sight,  from  die  1st  station  to 
the  2d ;  then  setting  the  compass  at  the  3d  station,  taking  a  back- 
eight  to  the  2d  station  (but  with  the  north  pomt  of  the  compass  al- 
ways ahead),  and  a  fore-sight  to  the  4th ;  then  going  to  the  5th, 
and  80  on.     This  is,  however,  not  to  be  recommended. 

(23i)   FieW-Mtttes.     The  Field-notes  of  a  Farm  survey  may  be 
kept  by  any  of  the  methods  which  have  been  described  with  refer- 
ence to  a  Line  survey.     Below  are  given  tJie  Field-notes  of  the 
game  field  recorded  by  each  of  the  methods. 
Mrat  Method. 
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0(4) 


0(3) 


p(2) 


o(l) 


■(1> 


-(6)- 
3.64 


(1)- 


STATIONS. 

BEARINGS. 

DISTANCES. 

1 

2 
3 
4 
5 

N.  350    E. 
H.  83JO  E. 
S.  570  E. 
S.  341° W. 
K.Sejcw. 

2.70 
1.29 

2.22 
S.65 
3.23 

(.255)  The  !Field-note3  of  a  field,  in  which  o^eta  occur,  may  be 
most  easily  recorded  by  the  Third  Method ;  as  in  Fig,  176. 

When  the  Field-notes  are  recorded  hj  the  Jom-th  Method, 
the  offeets  may  be  kept  in  a  separate  Table;  in  which  the  lat 
co.unm  will  contain  the  stations  from  which  the  measurements  are 
made,  the  24  column  the  distances  at  which  they  occur,  the  3d 

'  In  the  "  Third  Method,"  tl 
as  directed  in  Art,  (249)  but  ai 
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column  the  lengths  of  the  o^ets,  and  the  4th  column  the  side  of 
the  line,  "  Right,"  or  "  Left,"  on  which  they  He, 

For  calculation,  four  taoro  columns  may  he  added  to  the  table, 
containing  the  intervals  between  the  offaeta ;  the  sums  of  iho 
adjoming  pairs ;  and  the  produeta  of  the  numbers  in  the  two  pre- 
ceding columna,  separated  into  Right  and  Left,  one  being  additiv9 
to  the  field,  and  the  other  subtra^tive, 

<258>  Tests  flf  accuracy,  1st.  The  check  of  interaeetions  de- 
6cribed  in  Art.  (246),  may  be  employed  to  great  advantage,  Trhen 
some  conspicuous  object  near  the  centre  of  the  farm  can  be  seen 
from  most  of  its  comers, 

2nd.  When  the  survey  is  platted,  if  the  last  course  meets  the 
starting  point,  it  proyes  the  work,  and  the  survey  is  then  said  to 
"  close." 

8d.  Diagonal  lines,  running  ftom  comer  to  corner  of  the  farm, 
like  the  "  Eroof-lines"  in  Chain  Surveying,  may  be  measured  and 
their  bearings  taken.  When  these  are  laid  doivn  on  the  plat,  their 
meeting  the  points  to  which  they  had  been  measured,  proves  the 
work, 

4th.  The  only  certain  and  precise  test  is,  however,  that  by 
"Lalitudea  and  Departures."  This  is  fully  explained  in  Chapter 
V,  of  this  Part. 

(257)  A  very  fallacious  test  is  recommended  by  several  iviitera 
on  this  subject.  It  is  a  well-lmown  proposition  of  Geometry,  that 
in  any  figure  bounded  by  straight  lines,  the  sum  of  all  the  interior 
angles  is  equal  to  twice  as  many  right  angles,  as  the  figure  has  sides 
less  two ;  since  the  figure  can  be  divided  into  that  number  of  tri- 
angles. Hence  this  common  rule.  "  Calculate  [by  the  last  para- 
graph of  Art.  (24S)]  the  interior  angles  of  the  field  or  farm  siu> 
veyed ;  add  them  together,  and  if  their  sum  equals  twice  as  many 
right  angles  as  the  figure  has  sides  less  two,  the  angles  have  been 
coiTcctly  measured."  This  rule  is  not  applicable  to  a  compass  sur- 
vey ;  for,  in  Kg,  167,  page  144,  the  interior  angle  BCD  will  con- 
tain the  same  number  of  degrees  (in  that  case  160°)  whether  the 
bearhigs    of   the  sides  have  been  noted  correctly,  as  being  the 
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acgles  wliicli  they  make  with  KS — or  incorrectly,  as  being  the 
angles  which  they  make  with  N'S'.  This  rule  would  therefore 
prove  t^e  work  in  either  case. 

(258)  Mcthad  of  ffiadiatiaa.  A  field  may  he  surveyed  from 
one  station,  either  mthin  it  or  witkiut  it,  by  taking  the  bearings  and 
the  diatancea  from  that  point  to  each  of  the  comers  of  the  field. 
These  corners  ai-e  then  "  determined,"  hj  the  Sd  method,  Art.  (!). 
This  modificatiOQ  of  that  method,  we  named,  in  Art.  (320))  the 
Method  of  Radiation,  All  our  preceding  surveya  Tvitli  the  com- 
pass have  been  by  the  Method  of  Progremon. 

The  compass  may  be  set  at  one  corner  of  the  field,  or  at  a  point 
in  one  of  its  sides,  and  the  same  method  of  Radiation  employed. 

Ihis  method  is  seldom  used  however,  since,  unlike  the  metliod 
of  Progression,  its  operations  are  not  checks  npon  each  other. 

(259)  Method  of  iBterscetion.  A  field  may  also  be  surveyed 
by  mcasurmg  a  base  line,  either  within  it  or  without  it,  setting  the 
compass  at  each  end  of  the  base  line,  and  taking,  from  ea<!h  end, 
the  bearings  of  each  comer  of  the  field ;  which  will  then  be  fixed 
and  determined,  by  the  4th  method,  Art.  (8).  This  mode  of  sur 
veying  is  the  Method  of  Intersections,  noticed  in  Art.  (220).  I( 
will  he  fully  treated  of  in  Part  V,  under  the  title  of  I'riaugular 

(260)  Ruaaing  out  old  lines.  The  original  surveys  of  landa 
in  the  older  States  of  tho  American  Union,  were  exceedmgly  defi- 
cient m  precision.  This  ai-oso  from  two  principal  causes ;  tho  small 
value  of  land  at  tho  period  of  theso  surveys,  and  the  want  of  skill 
in  the  surveyors.  The  effect  at  the  present  day  is  frequent  dissat- 
isfaction and  litigation.  Lots  sometimes  contain  more  acres  than 
they  were  sold  for,  and  sometimes  less.  Lines  which  are  straight 
in  the  deed,  and  on  the  map,  are  found  to  be  crooked  on  the 
ground.  The  recorded  surveys  of  two  adjoining  farms  often  make 
one  overlap  the  other,  or  leave  a  gore  between  them.  The  most 
difficult  and  delicate  duty  of  the  land-si-vrveyor,  is  to  run  out  thoES 
old  boundary  lines.     In  such  cases,  his  fii-st  business  is  to  find 
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monuments,  stones,  marked  trees,  stumps,  or  any  other  oW  "  cor- 
ners," or  landmarlrs.  These  are  his  starting  points.  The  o^vncra 
whose  lands  join  at  tlieae  corners  should  agree  on  them.  Old 
fences  must  generally  be  accepted  by  right  of  possession ;  though 
Buch  questions  belong  rather  to  the  lawyer  than  to  the  surveyor." 
His  business  is  to  mark  out  on  the  ground  the  lines  ^ven  in  the 
deed.  'When  the  hounds  are  ^vea  by  compass-bearings,  the  sur- 
veyoi*  must  bo  rominiJed  that  these  bearings  are  very  (ar  from  being 
the  same  now  aa'  ori^nally,  having  heen  changing  every  year. 
The  method  of  determhiing  this  important  change,  and  of  making 
the  proper  allowance,  will  be  found  in  Chapter  VIII,  of  this  Part. 

(36!)  Towa  Surveying.  Begin  at  the  meeting  of  two  or  more 
of  the  principal  streets,  through  which  you  can  have  the  longest 
prospects.  Having  fixed  the  instrument  at  that  point,  and  taken 
the  bearings  of  all  the  streets  issuing  from  it,  measure  all  these  lines 
with  the  chain,  taking  offsets  to  all  the  comers  of  streets,  lanes, 
bendinge,  or  windings ;  and  to  aJl  remarkahle  ohjects,  as  churches, 
markets,  public  bvuldings,  kc.  Then  remove  the  instrument  to 
the  next  street,  take  its  bearings,  and  measure  along  the  street  as 
before,  taking  ofisets  as  yon  go  along,  with  the  o^et-staff.  Proceed 
in  this  manner  from  street  to  street,  measui'ing  tho  distances  and 
oSsets  as  you  proceed. 


qaantily  expressed  ii 
marks  malicionsly'  i. 


and  conveyed,  the  rule  is,  Ihal  known  and  fixed  nii>n« 
liarancea.  5o,  the  certainty  of  netes  and  bounds  wi!l 
iida  within  them,  Ihongh  they  vary  frntn  llie  Riven 
eed.  In  New-York,  lo  remove,  deface  oi-  alter  land 
iictable  offence."— fiTra/'s  Commerdarits,  IV,  515 
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Thus,  in  the  figure,  fix  the  rastrumcnt  at  A,  and  measure  linea 
in  the  direction  of  all  tlie  streets  meeting  there,  noting  their  bear- 
ings; thenmeaaureAB,  noting  the  streets  at  X,X,  At  the  second 
station,  B,  take  the  bearings  of  all  the  streets  which  meet  there ; 
and  meaaure  from  B  to  C,  noting  the  places  and  the  hearings  of 
all  the  cross-atreetg  as  jon  pass  them.  Proceed  in  like  manner 
from  0  to  D,  and  from  D  to  A,  "  closing"  there,  as  in  a  farm  sur- 
vey. Having  thus  surveyed  all  the  principal  streets  in  a  particu- 
lar e  j,hl  0  1  ood,  proceed  then  to  survey  the  smaller  intermediate 
streets  an  I  last  of  all,  the  lanes,  alleys,  courts,  yards,  aud  every 
other  jHco  which  it  may  be  thought  proper  to  represent  in  the 
plai  The  several  erosa-streets  answer  as  good  check  Imes,  to 
p  0  e  the  accuracy  of  the  work.  In  this  manner  you  continue  till 
you  take  m  all  the  town  or  city. 

(262)  Obstacles  in  Compass  Surveying.  The  various  obsta- 
cles which  may  be  met  with  in  Compass  Surveying,  such  as  woods, 
water,  houses,  &c.,  can  be  overcome  much  more  easily  than  in 
Chain  Surveying.  But  as  some  of  the  best  methods  for  effecting 
this  involve  principles  which  have  not  yet  been  fully  developed,  it 
will  he  better  to  postpone  giving  any  of  them,  till  they  can  be  all 
treated  of  together  j  which  will  be  done  in  Part  VII. 
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(283)  The  platting  of  a  survey  maiJe  witli  the  jompaas,  aonsists 
in  drawing  on  paper  ike  lines  and  tlio  angles  which  have  heen 
measured  on  the  ground.  The  lines  are  drawn  "  to  scale,"  as  haa 
been  fully  explamed  in  Pai'fc  I,  Chapter  III.  The  manner  of  plat- 
ting angles  was  referred  to  in  Art.  {"il),  but  its  explanation  haa 
been  reserved  for  tlus  place. 


(264)  Witb  a  Protractor.     A  Protractor  is   an  mstrament 

matle  for  this  object,  and  is  usually  a  semicircle  of  brass,  as  in  the 

figure,  ■with  its  semi-eircumferenee  divided  into  180  equal  parts,  or 

Fig.  173. 


I,  and  numbered  in  both  directions.  It  ia,  in  fact,  a  miniar 
ture  of  the  instrument,  (or  of  half  of  it),  with  which  the  angles 
have  been  measured.    To  lay  off  any  angle  at  any  point  of  a 

t  line,  place  the  Protractor  eo  that  its  straight  side,  &e 
f  the  eemi-oircle,  is  on  the  given  line,  and  the  middle  of 
this  diameter,  which  is  marked  by  a  notch,  ia  at  the  given  point. 
With  a  needle,  or  sharp  pencil,  make  a.  mark  on  the  paper  at  the 
required  number  of  degrees,  and  draw  a  line  from  the  mai-k  to  die 
given  point. 
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Sometimeg  the  protrEictor  liaa  an  arm  turning  on  its  centre,  anci 
extending  beyond  its  circumference,  so  that  a  line  can  be  at  once 
drawn  by  it  when  it  is  set  to  the  tlesired  angle.  A  Vernier  seals 
ia  sometimea  added  to  it  to  increase  its  precision. 

A  Rectangular  Protractor  is  sometimes  used,  the  divisions  of 
degrees  being  engraved  along  three  edges  of  a  plane  scale.  The 
semi-circular  one  is  preferable.  The  objection  to  the  rectangular 
protractor  ia  ttafc  tlie  division  corresponding  io  a  degree  is  very 

Fig.  179. 


unequal  on  different  parts  of  the  scale,  being  usually  two  or  three 
times  as  great  at  its  ends  as  at  its  middle, 

A  Protractor  embracing  an  entire  circle,  with  arms  carrying 
verniers,  ia  also  sometimes  employed,  for  the  sake  of  greater  accu- 
racy. 


(365)  Plattinfr  Bcariap.  Binee  "Bearings"  taken  with  the 
Compass  are  the  angles  which  tlie  various  lines  mate  ivith  the 
Magnetic  Meridian,  or  the  direction  of  the  compass-needle,  which, 
as  we  have  seen,  remains  always  (approximately)  parallel  to  itself, 
it  is  necessary  to  draw  these  meridians  through  each  station,  before 
laying  off  the  angles  of  the  bearings. 

The  T  square,  shown  in  T"ig.  14,  is  the  most  convenient  instru- 
ment for  this  purpose.  The  paper  on  which  the  plat  is  to  be  made 
13  fastened  on  the  board  so  that  the  intended  direction  of  the 
North  and  South  line  may  be  parallel  to  one  of  the  sides  of  the 
board.  The  inner  side  of  the  stock  of  the  T  square  being  pressed 
against  one  of  the  other  sidca  of  the  board  and  slid  along,  the  edge 
of  the  long  blade  of  the  square  will  always  be  parallel  to  itself  and 
to  the  firat  named  aide  of  the  board,  and  will  thus  represent  the 
merii^an  paging  through  any  station. 
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If  a  straight-edged  drawing 
board  or  tatle  cannot  be  pro- 
cured, nail  down  on  a  table  of 
any  shape  a  straight-edged  ru- 
ler, and  slide  along  against  ifc  , 
the  outade  of  the  stock  of  a  T  / 
square,  one  side  of  tlio  stock 
being  flusli  with  the  blade. 

A  parallel  ruler  may  also  be 
used,  one  part  of  it  being 
screwed  down  to  the  board  in 
the  proper  position. 

If  nono  of  these  means  are  at  hand,  approximately  parallel  meri- 
dians may  be  drawn  by  the  edges  of  a  common  ruler,  at  distaneea 
apart  equal  to  its  width,  and  the  diameter  of  the  protractor  made 
parallel  to  them  by  measuring  equal  distances  between  it  and  them. 

(266)  To  plat  a  survey  with  these  instruments,  mark,  mth  a  fine 
point  enclosed  in  a  circle,  a  convenient  spot  in  the  paper  to  rcprc- 
Bcnt  the  first  station,  1  in  the  figure.     Its  place  must  be  so  chosen 

Fig.  181. 
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that  the  plat  may  not  "  rim  off"  the  paper.  With  the  T  square 
draw  a  meridian  through  it.  The  top  of  the  paper  is  usually, 
though  not  necessarily,  called  North.  With  the  protractor  lay  off 
the  angle  of  the  first  bearing,  as  directed  in  Art.  (264).  Set  off 
the  length  of  the  first  line,  to  the  desired  scale,  hj  Art.  (42) ,  from 
1  to  2.     The  line  1 — 2  repreaenta  the  first  course. 

Through  2,  draw  aaother  meridian,  lay  oS"  the  angle  of  the 
second  course,  and  set  off  the  length  of  thia  course,  from  2  to  3. 

Proeeed  in  like  manner  for  each  course.  When  the  laat  course  is 
platted,  it  should  end  precisely  at  the  starting  point,  as  the  survey 
did,  if  it  were  a  cloaed  survey,  as  of  a  field.  If  the  plat  does  not 
"  close,"  or  "  come  together,"  it  shows  some  error  or  inaccuracy 
either  in  the  original  survey,  if  that  have  not  been  "  tested"  by 
Latitudes  and  Departures,  or  in  the  work  of  platting.  A  method 
of  correction  is  explained  in  Art.  (268).  The  plat  here  given  ia 
the  same  as  that  of  Fig.  175,  page  151. 

This  manner  of  laying  down  the  directions  of  lines,  by  the  angles 
which  they  make  with  a  meridian  line,  has  a  great  advantage,  in 
both  a«cura«y  and  rapidity,  over  the  method  of  platting  linea  by 
the  angles  which  each  makes  with  the  line  which  comea  before  it. 
In  the  latter  method,  any  error  ui  the  direction  of  one  line  makes 
all  that  follow  it  also  wrong  in  their  directiona.  In  the  former,  the 
direction  of  each  line  is  independent  of  the  preceding  line,  though 
its  position  would  be  changed  by  a  previous  error. 

Instead  of  draiving  a  meridian  through  each  station,  sometimes 
only  one  is  drawn,  near  the  middle  of  the  sheet,  and,  all  the  bear- 
ings of  the  survey  are  laid  off  from  some  one  point  of  it,  as  shown 
in  the  figure,  and  numbered  to  correspond  with  the  stations  from 
which  these  bearings  were  taken.  The  circular  protractor  is  conve- 
nient for  thia.  They  are  then  transferred  to  the  placea  where 
they  are  wanted,  by  a  triangle  or  other  parallel  ruler,  as  explained 
on  page  27.  The  figure  at  the  top  of  the  next  page  represents 
the  same  field  platted  by  this  method, 

A  semi-circular  protractor  ia  sometimes  attached  to  the  stock 
end  of  the  T  square,  so  that  its  blade  may  be  set  at  any  desired 
angle  with  tlie  meridian,  and  any  bearing  be  thus  protracted  with- 
out dramng  a  meridian.     It  haa  some  inconveniences. 
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Fig.  183. 


(267)  Tlie  Compass  itself  may  be  used  to  plat  bearings.  For 
this  purpose  it  must  be  attached  to  a  square  board  so  that  the  K 
and  S  line  of  tlio  compasa  box  may  be  parallel  to  two  opposite 
edges  of  the  board.  This  is  placed  on  the  paper,  aad  the  box  is 
turned  till  the  needle  points  as  it  did  when  the  first  bearing  was 
taken.  Then  a  line  drawn  by  one  edge  of  the  board  will  be  in  a 
proper  direction,  Mark  off  its  length,  and  plat  the  nest  and  the 
succeeding  hearings  in  the  same  manner. 


(268)  When  the  plat  of  a  survey  does  not  "  close,"  it  may  be 
corrected  as  follows.     Let  Fig.  183. 

ABODE  be  the  boundary  B' 

lines  platted  according  to  j'^S-®C/'~~-.      C' 

the   ^ven   bearings    and  '  "  "^ 

distances,  and  suppose  that 
the  last  course  comes  to  E,  A^fl", 
instead  of  ending  at  A,  as 
it  should.  Suppose  also 
that  there  is  no  reason  to 
suspect  any  angle  great 
error,  and  that  no  one  of  the  lines  waa  measured  over  very  rcugti 
IT. 
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ground,  or  "was  specially  uncei'tain  in  its  direction  wlien  observed. 
The  inaccuracy  must  then  be  distributed  among  all  the  lines  in 
proportion  to  their  length.  Each  point  in  the  figure,  B,  C,  D,  E,  must 
be  moved  in  a  direction  parallel  to  E  A,  by  a  certain  distance  which 
is  obtained  thus.  Multiply  the  distance  EA  by  the  distance  AB, 
and  divide  by  the  sum  of  all  the  courses.  The  quotient  will  be  the 
distance  BB'.  To  get  CO',  multiply  EA  hy  AB  +  BC,  and  divide 
the  pwiduet  by  the  same  sum  of  aU  the  eouraea.  To  get  DD',  miil- 
tiply  EA  by  AB  +  BO  +  CD,  and  divide  as  before.  So  for  any 
course,  multiply  by  the  sum  of  the  lengths  of  that  course  and  of  all 
those  preceding  it,  and  divide  as  before.  Join  the  points  thus 
obtained,  and  the  closed  polygon  AB'C'B'A  will  thus  be  formed, 
and  will  be  the  most  probable  plat  of  the  ^ven  survey.* 

The  method  of  Latitudes  and  Departures,  to  be  explained  here- 
after, is,  however,  the  best  for  effecting  tlus  object. 

(269)  Field  Platting.  It  is  sometimes  desirable  to  plat  the 
courses  of  a  survey  in  the  field,  as  soon  as  they  are  taken,  as  was 
mentioned  in  Art.  (247),  under  the  head  of  "  Keeping  the  Seld- 
notes."  One  method  of  doing  this  is  to  have  the  paper  of  the 
Pield-book  ruled  with  parallel  lines,  at  unequal  distances  apart, 
and  to  use  a  rectangular  pro-  fj„^  jg^. 

tractor  (which  may  be  made 
of  Bristol-iioard,  or  other  stout 
drawing  paper,)  with  lines  rul- 
ed across  it  at  equal  distances 
of  some  fraction  of  an  inch.  A 
bearing  having  been  taken  and 
noted,  the  protractor  is  laid  on 
the  paper  and  its  centre  placed  at  the  station  where  the  hearing  is 
to  he  laid  off.  It  is  then  turned  till  one  of  its  cross-luies  comcides 
with  eoms  one  of  the  lines  on  the  paper,  which  represent  East  and 
West  lines.  The  long  side  of  the  protractoi  will  then  be  on  a 
meridian  and  the  proper  angle  (40°  in  the  figure)  can  be  at  once 
marked  off.  The  length  of  the  course  can  also  he  set  off  by  the 
equal  spaces  between  the  cross-lines,  letting  each  spaeo  represent 
any  convenient  number  of  links. 

•  This  waa  demonaWated  by  Di.  Bowditch,  m  No.  4.  of  "  Tlie  AtialyM.'- 
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(270)  A  common  rectangular  protractor  withonb  anj  cross-lines, 
or  a  semi-circular  one,  can  also  Fig.j3!j. 

be  used  for  the  same  purpose.  | 
The  parallel  lines  on  the  paper 
(which,  in  this  methocl,  may  . 
be  equi-diataat,  as  in  common 
ruled  writing  paper)  will  i\ 
represent  meridians.  Ph 
the  centre  of  the  protractor 
on  the  meridian  nearest  to  the 
station  at  which  tlie  angle  is 
be  laid  off,  and  turn  it  till  the  ^ 
^ven  number  of  degrees  is  cut  by  the  meridian.  Slide  the  pro- 
tractor np  or  doivn  the  meridian  (which  mast  continue  to  pasa 
through  the  centre  and  the  proper  degree)  till  its  edge  passes 
through  the  station,  and  then  draw  by  this  edge  a  lino,  which  wiil 
have  the  bearing  required. 
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(271)  Paper  ruled  into  squares,  (as  are  somerimrs  the  right- 
haiid  pages  of  surveyors'  field-books),  may  be  used  for  platting 
bearings  in  the  field.  The  lines  running  up  the  page  may  he  called 
North  and  South  lines,  and  those  running  across  the  page  will  then 
be  East  and  West  lines.  Any  course  of  the  suiwey  will  he  the 
hypothenuse  of  a  right-angled  triangle,  and  the  ratio  of  its  other 
two  sides  will  determine  the  r 
angle.  Thus,  if  tlie  ratio  of  . 
the  two  sides  of  the  right-an- 
gled triangle,  of  which  the  line 
AB  in  the  figure  is  the  hypoth- 
enu3e,is  l,tliat  line  makes  an 
angle  of  45°  with  the  meridian. 
If  the  ratio  of  the  long  to  the 
short  side  of  the  right-angled  - 
triangle  of  which  the  hne  AC  . 
!B  the  hypothenuse,  is  4  to  1, 
the  line  AC  makes  an  angle 
of  14°  with  the,  n 
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The  line  AD,  the  hypothenuse  of  an 
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equal  triangle,  ■wKich  has  its  long  side  lying  East  and  West,  makes 
likewise  an  angle  of  14°  with  that  side,  and  therefore  makes  an 
angle  of  76°  with  the  meridian.* 

To  facilitate  the  use  of  this  method,  the  following  table  has  b'^a 
prepared. 

TABLE  FOR    PLATTIHS  BY    SSUARBB. 


51 

iiat)Dor 

H 

^ 

Bhon  side. 

1° 

57.3  to  1 

SSP 

•jy 

28.6  to  1 

»H" 

;-i" 

19.1  to  1 

S7" 

4" 

14.3  to  1 

KKO 

h'^ 

11.4  to  1 

KfP 

(i" 

9.5  to  1 

H40 

7u 

8,1  to  1 

HHO 

K^ 

7,1  to  1 

K'^o 

»'-' 

6.3  to  1 

S|o 

lO'^ 

5.7  to  1 

K(|o 

n^ 

5.1  to  1 

711" 

v^y 

4.9  to  1 

IH'^ 

4.3  to  1 

77° 

14-^ 

4.0  to  1 

7fio 

ib<^ 

3.7  to  1 

750 

^■ 

; 

fri 

a=noot 

in^ 

S.49  to  1 

740 

17U 

3.27  to  1 

73" 

IS'^ 

3.08  to  1 

7ii" 

19<J 

2.90  to  ] 

71U 

'/()" 

2.75  to  1 

7110 

'21  u 

2.61  to  1 

69" 

ii'2" 

2.48  to  1 

6H" 

',^,8" 

2.36  to  1 

67" 

'J4L 

2.25  to  1 

«H" 

■rlil'' 

2.14  to  J 

lift" 

•2«" 

2.05  to  1 

64" 

270 

1.96  to  1 

ar.'^ 

2«'.' 

1.88  to  1 

6'^" 

2»" 

1.80  to  1 

iil" 

bOo 

1.73  to  1 

60'^ 

a 

S,:S 

, 

la 

f? 

^ 

HI" 

1,664  to  1 

fi9" 

H2" 

1.600  to  1 

^K" 

33-^ 

1.540  to  1 

57" 

34" 

1.483  to  1 

56° 

Hfi'J 

1.428  to  1 

hh-J 

3ti^ 

1.376  to  1 

W 

37" 

1.327  to  3 

53" 

3K" 

1.280  to  ] 

52" 

l-iH^ 

1.235  to  ] 

111" 

^0" 

1.192  to  ] 

5(1" 

41 U 

1.150  to] 

49" 

4-2" 

1,111  to] 

+«" 

+H" 

1,072  to  ] 

47" 

44" 

1.036  to] 

46" 

45" 

1.000  to  1 

45" 

To  use  thia  table,  find  in  it  the  ratio  corresponding  to  the  angle 
which  you  wish  to  plat.  Then  count,  on  the  ruled  paper,  any 
number  of  squares  to  the  right  or  to  the  left  of  the  point  which 
represents  the  station,  according  as  your  bearing  was  East  or  West ; 
and  count  upward  or  downward  according  as  your  bearing  was  North 
or  South,  the  number  of  squares  given  by  multiplying  the  first  num- 
ber by  the  ratio  of  the  Table.  Thus ;  if  the  given  bearing  from  A 
in  the  figure,  was  IT.  20°  B.  and  two  squares  were  counted  to  the 
right,  then  2  x  2.75  ^  5  J  squares,  should  be  counted  upward,  to 
E,  and  AE  would  he  the  required  course. 

(272)  With  a  paper  protract«r.  Engraved  paper  protractora 
may  be  obtained  from  the  instrument^makers,  and  are  very  conve* 

m  may  be  oblaiiied  directly  from  Trigoijome- 
long  side  to  the  short  Bide,  ihs  letter  being 
lent  of  the  angle. 
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nieat.  A  circle  of  large  siae,  divided  into  degrees  and  quartei-s. 
is  engraved  on  copper,  and  impressions  from  it  are  taken  on  draw- 
ing paper.  The  divisions  are  not  numbered.  Draw  a  straight  line 
to  represent  a  meridian,  ohrough  the  centre  of  the  circle,  in  any 
convenient  direction.  Numher  the  degrees  from  0  to  90°,  each 
way  from  the  ends  of  this  meridian,  as  on  the  compass-plate.  The 
protractor  is  noir  readj  for  f  ig,  igr. 

use.  Choose  a  convenient 
pomt  for  the  first  station. 
Suppose  the  first  bearing  to 
be  N.  30°  E.  The  line  pass- 
ing through  the  centre  of  the 
circle  and  through  the  oppo- 
site points  N.  30°  E.  and  S. 
30°  W.  has  the  bearing  re-  - 
c(uired.     But  it  does  not  pass  ^ 

through  the  station  1.  Transfer  it  thither  by  drawing  through 
station  1  a  line  parallel  to  it,  which  will  be  the  course  required,  its 
proper  lengtli  being  set  off  on  it  from  1  to  2.  Now  suppose  the 
bearing  fi-om  2  to  be  S,  60°  E.  Draw  through  2  a  Ime  parallel 
to  the  Ime  passing  through  tlie  centre  of  the  circle  and  through 
the  opposite  points  S.  60°  E.,  and  N.  60°  W.,  and  it  will  he  the 
line  desired.     On  it  set  off  the  proper  length  from  2  to  8,  and  so 


When  tiie  plat  is  completed,  the  engraved  sheet  is  laid  on  a 
clean  one,  and  the  stations  "  pricked  through,"  and  the  pomts  thus 
obtained  on  tiie  clean  sheet  are  connected  hy  straight  fines.  The 
pencilled  plat  is  then  rubbed  off  from  the  engraved  sheet,  which  can 
be  used  for  a  great  number  of  plats. 

If  the  central  circle  he  cut  out,  the  plat,  if  not  too  large,  can  be 
made  directly  on  the  paper  where  it  is  to  remain. 

The  Burvejor  can  make  such  a  paper  protractor  for  himself,  with 
great  ease,  by  means  of  the  Table  of  Chords  at  the  end  of  this 
volume,  the  use  of  which  is  explained  m  Art.  (273).  The  engraved 
ones  may  have  shrunk  after  being  printed. 

Such  a  circle  is  sometimes  draivn  on  the  map  itself.  This  mU 
be  particularly  convenient  if  tlie  bearings  of  any  fines  on  the  map, 
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not  taken  on  the  ground,  are  likely  to  bo  required.     If  ilie  m-ap  bo 
very  long,  more  than  one  may  be  needed. 

(273)  Drawing-Board  Pr®ti'act»r.  Such  a  divided  circle,  aa 
has  juat  been  described,  or  a,  circular  protractor,  may  be  placed  on 
a  drawing  board  near  its  centre,  and  bo  that  its  0°  and  90°  lines 
are  parallel  to  the  sides  of  the  drawing  board.  Lines  are  then  to 
be  drawn,  through  the  centre  and  opposite  divisions,  by  a  ruler 
long  enough  to  rea«h  the  edges  of  the  drawing  board,  on  which 
they  are  to  be  cut  in,  and  numbered.  The  drawing  board  thus 
becomes,  in  fact,  a  double  rectangular  protractor.  A  strip  of 
white  paper  may  have  previously  been  pasted  on  the  edges,  or  a 
narrow  strip  of  white  wood  inlaid.  When  this  is  to  be  used  for 
plattmg,  a  sheet  of  paper  ia  put  on  the  board  aa  usual,  and  Imes 
are  drawn  by  a  ruler  laid  across  the  0°  points  and  the  90°  points, 
and  the  centre  of  the  circle  is  at  once  found,  and  should  be  marked 
fl.     The  bearinga  are  then  platted  aa  in  the  last  method. 

(274)  With  a  scale  of  chords.  On  the  plane  scale  contained 
in  cases  of  mathematical  drawmg  mstruments  will  be  found  a  series 
of  divisions  numbered  from  0  to  90,  and  mai'ked  CH,  or  C- 
This  is  a  acale  of  chords,  and  ^ves  the  lengths  of  the  chords  of 
any  are  for  a  radius  equal  in  length  to  the  chord  of  60°  on  the 
scale.  To  lay  off  an  angle  with  this  scale,  as  for 
example,  to  draw  a  line  making  at  A  an  angle 
of  40°  with  AE,  take,  in  the  dividers,  the  dis- 
tances from  0  to  60  on  the  scale  of  chords ;  ^vith 
this  for  radius  and  A  for  centre,  describe  an  in- 
definite are  CD.  Take  the  distance  from  0  to 
40  on  the  same  scale,  and  set  it  off  on  the  arc  as 
a  chord,  from  C  to  somepouit  D.  Join  AD,  and 
prolong  it.     EAE  is  the  angle  required. 

The  Sector,  represented  on  page  36,  supplies  a  modification  of 
tliis  method,  sometimes  more  convenient.  On  each  of  its  legs  ia 
a  scale  marked  0,  or  CH.  Open  it  at  pleasure ;  extend  the  com- 
pass from  60  bj  60,  one  on  each  leg,  and  with  this  radias  describe 
an  arc.    Then  extend  the  compasses  from  40  to  40,  and  the  dis- 
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tance  ivill  be  tlie  chord  of  40°  to  that  radius,     It  can  he  set  off  as 
above. 

The  Bmallness  of  the  scale  rendera  the  method  with  a  scale  of 
chords  praotieaUy  deficient  in  exactness ;  but  it  serves  to  ihustrato 
the  next  and  best  method. 

(275)  Witli  a  Table  of  chords.  At  the  end  of  this  vohime 
T\-ilI  he  imn&  a  Tahio  of  the  lengths  of  tho  chorda  of  area  for  every 
degree  and  minute  of  the  quadrant,  calculated  for  a  radius  equal 
tol. 

To  use  it,  take  in  the  compasses  one  inch,  one  foot,  or  any  otlier 
convenient  distance  (the  longer  the  tetter)  divided  into  tenths  and 
hundredths,  by  a  diagonal  scale,  or  otherwise.  With  this  as  radius 
describe  an  are  as  in  the  last  case.  Find  in  tJie  table  of  chords 
the  length  of  the  chord  of  the  desired  angle.  Take  it  from  the 
scale  just  used,  to  the  nearest  decimal  part  which  the  scale  win 
give.  Set  it  off  as  a  chord,  as  in  the  last  figure,  and  join  tie  point 
thus  obtained  to  the  starting  point.     This  ^ves  the  angle  desired. 

The  superiority  of  thia  method  to  that  which  employs  a  protrac- 
tor, is  due  to  the  greater  precision  with  which  a  straight  line  can 
be  divided  than  can  a  circle. 

A  slight  modification  of  tJiis  method  is  to  take  in  the  compasses 
10  equal  parts  of  any  convenient  length,  inches,  half  inches,  quar- 
ter inches,  or  any  other  at  hand,  and  with  this  radius  describe  an 
are  as  before,  and  set  off  a  chord  10  times  as  great  as  the  one 
found  in  the  Table,  i.  e.  ima^ne  the  decimal  point  moved  one 
place  to  the  right. 

If  the  radius  be  100  or  1000  equal  parts,  imagine  the  decimal 
jjmnt  moved  two,  or  three,  places  to  the  right. 

Whatever  radius  may  be  taken  or  given,  the  product  of  that 
radius  into  a  chord  of  the  Table,  will  give  the  chord  for  that  radius. 

This  ^ves  an  easy  and  exact  method  of  getting  a  right  angle  ; 
by  describing  an  arc  with  a  radius  of  1,  and  setting  off  a  chord 
equal  to  1.4142. 

If  the  angle  to  be  constructed  is  more  than  90°,  construct  on 
the  other  side  of  the  given  point,  upon  the  given  line  prolonged,  an 
angle  equal  to  what  the  ^ven  anglo  wants  of  180°;  i.-e.  its 
the  language  of  Trigonometry. 
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This  same  Table  gives  the  meana  of  measuring  any  angle. 
With  the  angular  point  for  a  centre,  and  1,  or  10,  for  a  radius, 
describe  an  arc.  Measure  the  length  of  the  chord  of  the  arc 
between  the  legs  of  the  angle,  find  this  length  in  the  Table,  and 
the  angle  eorresijonding  to  it  ia  the  one  desired.* 

(2TS)  Willi  a  Tabic  »f  natural  sfnes.  In  the  absence  of  a 
Table  of  chords,  heretofore  rare,  a  table  of  natural  sines,  which  can 
be  found  anjwherej  maj  be  used  as  a  less  oonYenient  substitute. 
Since  the  chord  of  any  angle  ec[uala  twice  the  sine  of  half  the 
angle,  divide  the  ^ven  angle  by  two ;  find  in  the  table  the  natural 
sine  of  this  half  angle  ;  double  it,  and  the  product  is  the  chord  of 
the  whole  angle.  This  can  then  be  used  precisely  as  was  the 
chord  in  the  preceding  article. 

An  ingenious  modification  of  this  method  has  been  much  nsed. 
Describe  an  arc  from  the  ^ven  point  as  centre,  as  in  the  last  two 
articles,  but  with  a  radius  of  5  equal  parts.  Take,  from  a  Table, 
the  length  of  the  natural  sine  of  half  the  given  angle  to  a  radius  of 
10.  Set  off  this  length  as  a  chord  on  the  arc  just  described,  and 
join  the  point  thus  obtained  to  the  given  point. f 

(277)  By  Latitudes  and  Departures,  When  the  Latitudes 
and  Departures  of  a  survey  have  been  obtained  and  corrected,  =( as 
explained  in  Chapter  V),  either  to  test  its  accuracy,  or  to  obtain 
its  content,  they  afford  the  easiest  and  best  means  of  platting  it. 
The  description  of  this  method  will  be  given  in  Art.  (285) . 

*  This  Table  will  also  serve  to  find  the  natural  tme,  or  cotine,  of  any  aoglB. 
Multiply  the  given  angle  by  two  ;  find,  in  the  Table,  the  clioi-d  of  this  double 
angle  ;  and  half  of  tiiia  chord  will  be  the  natural  sine  rei^ired  ^or,  the  chord 
of  any  aiigla  ia  egnal  to  twice  lie  sine  of  half  the  angle.  To  find  the  cosine,  pro. 
ceed  as  above,  with  the  an=l6  which  added  to  the' given  angle  would  make  80^. 

Another  use  of  this  Table  is  to  inscribe  regnlar  polygons  in  a  cii'cle  by  setting 
off  the  chofds  of  the  arcs  which  their  sides  siiblend. 

Still  another  use  is  to  divid 
by  Getting  off  the  fractional  ai 

tThe  reason  of  this  ia  apparent  fr 
Bgnre.  DE  is  the  sine  of  half  the  angle 
BAO,  to  a  radius  of  10  equal  parts,  nud 
BC  is  the  chord  directed  to  be  set  off,  to  a 
radinsof  Scqual  parts.  BOis  eqtial  to  DE  ; 
for  BO  =  S.BF,  by  Trigonometry,  and  DE 
—  2.BF,  by  similar  ti-iangles  !  lienoe  BC  = 
DB. 
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LATITODES  ATO  BEPAM'SIKES. 

(278)  Defmltifiiis.  'Ilie  Latitl'lb  of  a  point  is  lis  dietanca 
North  or  South  of  some  "  Parallel  of  LatltUide"  or  iiiie  rumiing 
East  or  West.  The  Longitude  of  a  point  is  its  distance 
Eaat  or  "West  of  some  '^Meridian"  or  lino  running  North  and 
South.  In  Compass-Surveying,  the  Magnetic  Meridian,  i,  e.  the 
direction  in  which  the  Magnetic  Needle  points,  is  the  line  from 
which  the  Longitudes  of  points  are  measured,  or  reckoned. 

The  distance  -which  one  end  of  a  line  is  due  North  or  South  of 
the  other  end,  is  called  the  Difference  of  Latitude  of  the  two  ends 
of  the  Hne ;  or  its  NorMng  or  Southing  ;  or  simply  its  Latitude. 

The  distance  which  one  end  of  the  line  is  due  East  or  West  of 
the  other,  is  here  called  the  Difference  of  Longitude  of  the  two 
ends  of  the  line ;  or  its  Easting  or  Westing  ;  or  its  Departure. 

Latitudes  and  Departures  are  the  moat  usual  terms,  and  will  be 
generally  used  hereafter,  for  the  sake  of  brevity. 

This  subject  may  be  iUastrated  geographically,  by  noticing  tiiat 
a  traveller  in  going  from  New-York  to  Buffalo  in  a  straighi  line, 
would  go  about  150  miles  due  north,  and  250  miles  due  west. 
These  distances  would  be  the  differences  of  Latitude  and  of  Longi- 
tude between  the  two  places,  or  Hs  Northing  and  Westing.  Re- 
turning from  Buffelo  to  New-York,  the  same  distances  would  be 
his  Southing  and  Easting.* 

In  mathemaiical  language,  the  operation  of  finding  the  Latitude 
and  Longitude  of  a  line  from  its  Bearing  and  Length,  would  be 
called  the  transformation  of  Polar  Co-ordinates  into  Rectangular 
Co-ordinates.  It  consists  in  determining,  by  our  Second  Princi;ple, 
the  posiiion  of  a  point  which  had  originally  been  determined  by 
the  Third  Princi^ple.     Thus,  in  the  figure,  (which  is  the  same  as 

*  It  should  be  remembered  ibal  ihe  following  tliacvisaions  of  [lie  Latitudes  and 
Longitudes  of  the  poima  of  a  aurvej;  will  not  ofwaya  be  fully  applicable  lo  Ihoaa 
of  distant  places,  aaoh  as  the  cities  just  uaroeii,  in  cbnaec[neiice  of  the  suiface  of 
[he  earth  iiol  being  a  plane. 
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tiiat  of  Arfc.(9)),the  pointSis  determin- 
ed bj '  the  angle  SAC  and  by  the  dis- 
tance AS.  It  J9  also  determined  bj  the 
distances  AC  and  CS,  measured  at  right 
angles  to  each  other ;  and  then,  sapposing 
CS  to  ran  due  North  and  Soutli,  CS  ivill  be  the  Latitude,  and  AC 
the  J)epartiire  of  the  lino  AS. 

(2T9>  Calculation  of  Latitudes  and  Departures,       Let   AB 

be  a  gjven  line,  of  which  the  length 
AB,  and  the  bearing  (or'angle,  BAC, 
which  it  mates  with  the  Magnetic 
Mendian),  are  kno-jvn.  It  is  reqmred 
to  find  the  differences  of  Latitude  and 
of  Longitude  between  its  two  extremi- 
ties A  and  B :  that  is,  to  find  AC  and 
CB;  or,  what  is  the  same  tJiing,  BD  isl- 
and DA. 

It  will  be  at  once  seen  that  A!B,  is 
tlie  hypothenuse  of  a  rights-angled  tri-  s 

angle,  in  wbieli  the  "  Latitude"  and  the  "  Departure  "  are  the  sidea 
about  the  right  angle.  We  therefore  know,  from  the  pnncipleg  of 
tngonometiy,  that 

AC  =-  AB  .  COS.  BAC, 
BC  =  AB.sin.  BAC. 

Hence,  to  find  the  Latitude  of  any  course,  multiply  the  natural 
cosine  of  the  bearing  by  the  length  of  the  course ;  and  to  find  tho 
Departwre  of  any  course,  multiply  the  natural  sine  of  tho  bearing 
by  the  length  of  the  course. 

If  the  course  be  Northerly,  the  Latitude  will  be  North,  and 
will  be  marked  ivith  the  algebraic  sign  -{-fplua,  or  additive;  if 
it  be  Southerly,  the  Latitude  will  be  South,  and  will  be  marked 
with  the  algebraic  sign  — ,  minus,  or  aubtractive. 

If  the  coiirse  be  Easterly,  the  Departure  will  be  East,  and 
marked  -1-,  or  additive ;  if  the  course  be  Westerly,  the  Departure 
will  be  West,  and  marked  — ,  or  subtraetive. 
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(280)  Fftrmulas.     'Ilie  rules  of  tlie  preceding  article  may  be 

i  thus : 


Latitude  =  Distaaea  x  cos.  Beai'ing, 
Departure  =  Distance  x  sin.  Bearing.' 
From  these  foi-mulas  may  be  obtiuned  otliera,  by  which,  when 
any  two  of  the  above  four  things  are  given,  the  remaimng  two  can 
be  found. 

When  tJie  Bearing  and  Latituie.  are  ^ivm; 
Distance  =  (,,,3  ^Blm'u,   ~  ^^^^''^^^  ^   sec.  Bearing, 
Departui'e  =  Latitude  y  tang.  Bearing. 

When  the  Bearing  and  Departure  are  given, ; 
Distance  =  v^^'^^J|J   =  Departure  X  cosec.  Bearing, 
Latitude  =  Departure  x  cotang.  Bearing. 

When  the  IHstanae  and  Latitude  are  given; 

(JOS.  Beanng  =  r^. ;-, 

Depai'ture  =  Latitude  X  tang.  Bearing. 
When  the  Distance  and  Departure  aire  given  ; 
Sin.  Beai-ing  =  -^1——! 

Latitude  =  Departure  X  cotang.  Bearing. 
Wh&n  the  Latitude  and  Departure  are  given  ; 
Tang,  of  Bearing  =  /'^i  T^' 

Distance  =  Latitude  X  sec.  Bearing, 
Stall  more  simply,  any  two  of  tbese  three — Distance,  Latitude 
and  Departure — being  given,  we  have 

Distance  =  /(Latitude^  +  Departure^) 
Latitude  =  ^(Distance^ — Depaiiure^) 
Departure  =  i/CDistance^  — Latitude^) 

(28!)  Traverse  Ta&lcs.  The  Latitude  and  Departm-e  of  any 
tliatance,  for  any  bearing,  could  be  found  by  the  method  given  in 
Art.  (279),  with  the  aid  of  a  table  of  Natural  Sinea.     But  to 

*  Whenever  aiiies,  coEinea,  taug-eiits,  &c.,  are  lisre  imniecl,  they  meon  the  nolu 
ral  sines  &e.,  nf  on  arc  desci'ibed  with  a  radina  equal  to  one,  or  to  tbe  unit  ?jy 
which  the  sines,  Sec,  are  measured. 
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facilitate  these  calculations,  wliich  are  of  so  frequent  occurrence 
and  of  so  great  use,  Traverse  TahUs  have  been  prepared,  origin- 
allj  for  navigators,  (whence  the  name  Traverse),  and  subsequently 
for  surveyors.* 

The  Traverse  Table  at  the  end  of  this  volume  gives  the  Latitude 
and  Departure  for  any  bearing,  to  each  quarter  of  a  degree,  and 
for  diistanees  from  1  to  &, 

To  use  it,  finct  in  it  the  uumber  of  degrees  in  the  bearing,  on 
the  left  hand  aide  of  the  page,  if  it  be  less  than  45°,  or  on  the  right 
hanci  side  if  It  be  more.  The  numbers  on  the  same  line  running 
across  the  page,-|-  are  the  Latitudes  and  Departures  for  that  bear- 
ing, and  for  the  respective  distances — 1,  2,  3,  4,  5,  6,  7,  8,  9, — 
which  are  at  the  top  and  bottom  of  the  page,  and  which  may 
represent  chains,  linlis,  rods,  feet,  or  any  other  unit.  Thus,  if  the 
bearing  be  15°,  and  the  distance  1,  the  Latitude  would  be  0.966 
and  the  Departure  0.259.  For  the  same  bearing,  but  a  distance 
of  8,  the  Latitude  would  be  T.727,  and  the  Departure  2.071. 

Any  distance,  however  great,  can  have  ita  Latitude  and  Depar- 
ture readily  obtained  from  tlus  table ;  Knee,  for  the  same  bearing, 
they  are  directly  proportional  to  the  distance,  because  of  the  simi- 
lar tiiangles  which  they  form.  Therefore,  to  find  the  Latitude  or 
Departure  for  60,  multiply  that  for  6  by  10,  which  merely  moves 
the  decimal  point  one  place  to  the  right;  for  500,  multiply  the 
numbers  found  in  the  Table  for  5,  by  100,  i.  e.  move  the  decimal 
point  two  places  to  the  right,  and  so  on.  Merely  moving  the  deci- 
mal point  to  the  right,  one,  two,  or  more  places,  will  therefore 
enable  this  Table  to  g^ve  the  Latitude  and  Departure  for  any  deci- 
mal multiple  of  the  numbers  in  the  Table. 

For  compound  numbers,  such  as  873,  it  is  only  necessary  to 
find  separately  ttie  Latitudes  and  Departures  of  800,  of  70,  and  of 
8,  and  add  them  together.  But  this  may  be  done,  with  scai-cely 
any  nak  of  error,  by  the  following  simple  rule. 

»  The  fii-at  Traverse  Table  for  Surveyors  eeems  to  have  been  published  in  i;91, 
by  John  Gale.  The  moat  exlenaive  table  is  that  of  Oapt.  Boileau,  of  the  Bi-itiah 
army,  being  calculated  for  every  minute  of  bearing;,  and  to  five  decimal  places, 
for  diitances  from  1  to  10,  The  Table  in  thia  volome  was  calculated  for  it,  and 
then  compared  with  the  one  just  mentioned. 

t  In  nshig  this  or  any  similar  Table,  lay  a.  ruler  across  the  page,  jnat  above  at 
below  the  htie  to  be  folioweii  out.    Tliis  is  a  very  valuable  mecliaLiic'a.  assistance 
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Write  domi  the  Latitude  and  Departure  for  the  first  figure  of 
tJie  ^ven  number,  as  found  in  the  Table,  negleetiog  the  decimal 
point ;  Tvrite  under  tliem  the  Latitude  and  Departure  of  the  second 
figure,  setting  tiiem  one  place  farther  to  the  right ;  under  them 
write  the  Latitude  and  Departure  of  the  third  figure,  settmg  them 
one  place  farther  to  the  right,  and  so  proceed  with  all  the  figures 
of  the  given  number.  Add  up  these  Latitudes  and  Departures, 
and  cut  off  the  three  right  hand  figures.  The  remwaing  figures 
■will  be  the  Latitude  and  Departure  of  the  giyen  Dumber  in  links, 
or  chains,  or  feet,  or  whatever  unit  it  was  given  in. 

For  example ;  let  the  Latitude  and  Departure  of  a  course  hav 
ing  a  distance  of  873  links,  and  a  bearing  of  20°,  be  required.    In 
the  Table  find  20°,  and  then  take  out  the  Latitude  and  Departura 
for  8,  7  and  3,  in  turn,  placing  them  as  above  directed,  thus : 
Distanees.  Latitudes.  Departures. 

800  7518  2736 

70  6578  2394 

_3  2819  1026 

873  820.399  298.566 

Tailing  the  nearest  whole  numbers  and  rejecting  |he  decimals, 
we  find  the  desired  Latitude  and  Departure  to  be  820  and  299." 

When  a  0  occnre  in  the  given  number,  the  next  figure  must  be 
set  two  places  to  the  right,  the  reason  of  which  will  appear  from 
the  following  example,  in  which  the  0  is  treated  like  any  other 
number. 

Given  a  bearing  of  35°,  and  a  distance  of  3048  links. 


distances. 

Zmitudes. 

Departures. 

mi 

3000 

-^6^ 

000 

0000 

0000 

40 

327T 

2294 

8 

6653 

4589 

8048 

2496.323 

1748.529 

Hero  the  Latitudes  and  Departures  are  2496  and  1749  links. 

•  It  is  frequently  doubtful,  in  many  calculations,  when  the  final  tlecimai  is  5, 
wheiher  to  increoae  the  pi*eceding  figure  by  one  or  not.  3'hua,  43.5  may  be  called 
43  or  44  with  equal  correotuess.  It  )s  better  in  sucli  cases  iiDt  tu  increaEe  the 
whole  Qumber,  so  aa  to  escape  the  timible  of  changing  the  original  figure,  and 
(he  inoreaaed  chance  of  error.  If,  bowever,  mora  than  one  such  a  cose  occurs  in 
ihe  seme  column  to  be  added  up,  ihe  larger  and  smaller  number  should  betaken 
alternately. 
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When  the  bearing  ia  over  45°,  the  names  of  the  cohimns  must 
be  read  from  the  bottom  of  the  page,  the  Latitude  of  any  bearing, 
as  50°,  being  the  Departure  of  the  complement  of  this  bearing,  or 
40°,  and  the  Departure  of  40°  being  the  Latitude  of  50°,  kc.  The 
reason  of  this  will  be  at  once  Been  on  inspecting  the  iaat  figure,  (page 
170),  and  imaging  the  East  and  West  line  to  become  a  Meri- 
dian, For,  if  AC  be  the  magnetic  meridian,  as  before,  and  there- 
fore BAG  be  the  ^earing  of  the  course  AB,  then  is  AC  the  Lati- 
tude, and  CB  the  Departure  of  that  course.  But  if  AE  be  the 
meridian  and  BAD  (the  complement  of  BAC)  be  the  bearing, 
then  Js  AD  (which  is  equal  to  CB)  the  Latitude,  and  BB,  (which 
is  equal  to  AC),  the  Departure. 

As  an  example  of  this,  let  the  bearing  be  63^°,  and  the  d 
8469  links.     Proceeding  as  before,  ive  have 

Distances.  Latitudes.  Departures. 

3000  1350  2679 

400  1800  3572 

60  2701  5358 

9  4051  8037 


3469.  1561.061  3097.817 

The  required  Latitude  and  Departm'e  are  1561  and  3098  links. 

Li  the  few  cases  occurring  in  Compass-Surveying,  in  which  the 
bearing  is  recorded  as  somewhere  between  the  fractions  of  a  degree 
g^von  in  the  Table,  its  Latitude  and  Departure  may  be  found  by 
interpolation.  Thus,  if  the  bearing  be  10|°,  take  the  half  sum  of 
the  Latitudes  and  Departures  for  10|°  and  10^".  If  it  be  10°  20', 
add  one-third  of  the  difference  betiveen  the  Lats.  and  Deps.  for 
10|  and  for  10^°,  to  those  opposite  to  10^° ;  and  so  in  any  similar 
eas''. 

The  u'se'!  of  this  table  are  very  varied.  The  principal  applicar 
tiona  of  it,  which  will  now  be  explained,  ai-e  to  Testing  the  accur 
raoy  of  surveys;  to  Supplying  omissions  in  iJiem',  to  Platting 
them,  and  to  Calculating  their  eoTiimt.' 

*  The  TrHverae  Table  admils  of  many  other  minor  uses.  Thus,  it  may  be  ased 
for  Bolvira,  appvoximately,  nny  fi gill-angled  iritingle  by  mere  inspection,  the 
bearingb^iig  taken  for  one  of  the  Honte  anzlea  ;  the  Latitude  being  thasidead- 
JBcent,  the  DepBiture  the  aide  opposite,  anil  die  Distance  the  hypotliBniisB.  in? 
two  of  these  bein|  given,  the  others  are  given  bj  the  Table,  The  Tuble  will 
therefore  serve  to  show  the'  allowance  tu  be  made  in  ehsining  on  slopes  (see  Ait 
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Latitudes  and  Dcpaitures 


1  5 


(  S  )    lipHfilion  to  Tpstm"-  i  ^ir  ct      It  lie    le  t 

t!  at     lie      1  }      liaa  J,        c  mj  1  telj         u  i  a  fi  11  or 

fa  ra  taLiJij,  tl  e  bei  m^  vxOl  lista  c  s  uf  ei  h  boundary  hue  till 
he  has  ^ot  bacl  to  th&  start  g  poji  t  that  1  e  haa  gone  p  eeiaely 
as  fa  S  ath  ao  No  Ih  and  i  far  West  as  East  But  the  sum  of 
the  No  tl  Lit  t  le  teUa  how  fa  No  tl  he  h  s,  „o  i  1  the  sum 
of  the  '^outh  Lititn  le=!  how  tar  So  tl  1  e  1  as  go  e  H  e  these 
two  ns  U  1  6  e  j_  al  io  eael  tli  if  tl  e  sui  ey  hi  b  en  COr 
rectly  ma  \e  In  li  e  n  an  e  the  s  ims  t  the  Ea  I  an  1  f  tl  e 
Wea  Dep  tu  es  must  albo  be  e^ual  to  eicli  otlie 

"We  ft  ]1  a]  J  ]v  this  p  me  jle  to  testing  tl  e  aceu  cy  i  ho  sur- 
vey of  whi  h  Fq  Vo  jaj,e  lol  j  i  flat  P  eji  e  even 
columns  a  1  hea  1  them  a?  I  elow  FnltheLitt  le  a  d  Def  a 
t  e  of  each  course  to  the  nea  est  1  nh  a  d  i\  te  then  n  their 
app  oj  r  te  olum  s  A 1 1  u]  tl  ese  columns  The  ttiU  the 
diff  c  CO  let^een  the  sums  ot  tie  N  th  a  ■!  '^outl  Latt  le 
an  I  bet^^e  n  the  ms  of  th  Ea  t  1  We  t  D  j  t  e  1  ate 
the  le^    e  ot     eu  aey    f  tl  e  ■5    vey 


STATION. 

BEARING. 

DISTANCE. 

LATITUDE. 

i,.i.A«™™.      1 

N. 

s. 

E. 

W. 

1 
2 
8 

4 

N.  36°B. 

N.  83i°B. 
S.  67°  E. 
S.34l°W. 
K.56j,"W. 

2.70 

1.29 
2.22 
3.66 
3.23 

2.21 

.16 

1.78 

1.21 
2.98 

1.65 
1.28 
1.86 

2.00 
2,69 

4.14 

4.14 

4.69 

4.69 

The  entire  work  of  the  above  example  ia  given  below. 


2480  1688 

4133  2814 

4133  2814 


m 


1  the  column  of  bBavinea  for  the  slope  of  Ihe  ground,  i.  e. 
a  ilie  horizon,  find  Ihe  given  diatHUce,  and  the  Latitude  at 
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83JO        113                 994             5610      1656  2502 

226                 1987                             1104  1668 

1019               8942                          165fi  2502 

129.          14.579          128.212          323.       178.296  269.382 


57°  1089  1677 

1089  1677 

1089 


The  nearest  link  is  taken 

jijiji^         to  bo  inserted  in  tbe  Table, 

and  the  remaimng  Decimals 

222.  120.879  186.147  are  neglected. 

In  the  preceding  example  tbe  respective  sums  -were  found  to  be 
exactly  equal.  This,  however,  will  rarely  occur  in  an  extensiye 
survey.  If  tbe  difference  be  great,  it  indicates  some  mistake,  and 
the  survey  must  be  repeatod  with  greater  care  ;  but  if  the  differ- 
ence be  small  it  indicates,  not  absolute  errors,  but  only  inaccura- 
cies, unavoidable  in  surveys  tvith  the  compass,  and  the  survey  may 
be  accepted. 

How  great  a  difference  in  the  sums  of  the  columns  may  bo 
allowed,  as  not  necessitating  a  new  survey,  is  a  dubious  point. 
Some  surveyors  would  admit  a  difference  of  1  link  for  every  8 
chains  in  the  sum  of  the  courses :  others  only  1  linlt  for  every  10 
chains.  One  writer  puts  the  limit  at  5  links  for  each  station ; 
another  at  25  Unks  in  a  survey  of  100  acres.  But  every  practical 
surveyor  soon  learns  how  near  to  an  equality  his  instrument  and 
his  skill  will  enable  him  to  come  in  ordinary  cases,  and  can  there- 
fore establish  a  standard  for  himself,  by  which  he  can  judge  whether 
the  difference,  in  any  survey  of  his  own,  is  probably  the  result  of 
an  error,  or  only  of  his  customary  degree  of  inaccuracy,  two  things 
to  be  very  carefully  d^tinguiahed.* 

(283)  AppllcatioH  to  supplying  omissions.  Any  two  omis 
sions  in  the  Field-notes  can  be  supplied  by  a  proper  use  of  the 
method  of  Latitudea  and  Departoi'ea ;  as  will  be  explained  in  Part 
VII,  which  treats  of  "  Obstacles  to  Measurement,"  under  which 
head  this  subject  most  appropriately  belongs.  But  a  knowledge 
of  the.&ct  that  any  two  omissions  can  be  supplied,  should  not  lead 

1  chaining  at  1.400  of  level 
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ft 

4 

n  t 

ti 

m  k  y  p      11     lea- 

y  t  11  the 

f  t    t         1  1    ger 


(  ^4)  IS  I  n  in    a  «1        y     Th       >     i      t    n^i    *        ='f 

liis  m   h  I       1  h  7      1"    r        ^7  -^  ^        ^     '''^'^ 

P  ^thLtd         iDptuof 

th         rs  Itti  iDA^^bil       Uh        bl      e." 

Tiu        113    Ily  d       by  dkt  b  till    til    d  £F  f  tt      urns 

m        til  m  5     ;     fa      to    h      !    gth  m     A   the. 

im    f  th   1      tl      f    II  th  J  i    th      h  1    1  £F         e  of 

th    L  t  fc  d      A  h    1      th    f       h      ui      r  th  iion 

ftLttul        A-milppt  tsthDpt        * 

It  tfte  ytomkth  tppot  the 

nt  llbml        thiifiit  acy  b        ting 

hmhp       hintlulll  1  ti  ^^^J 

Ith       aipl^        hi      thdifl  h       pj      lybeea 

ml  d     n        Th  t  1 L  1 1   I         1 D  p    t        1  ave 

been  here  inserted  in  four  additional  columns,  hut  in  practice  they 
should  be  wtten  in  red  ink  over  the  oiiginal  Latitudes  and 
Departures,  and  the  latter  crossed  oat  'with  red  ink. 


.TA. 

........ 

... 

LAT^'^S 

CORSFXn'ED     1 

N.+ 

9.-(  E.+ 

W.— 

N.+ 

S.— 

E.+ 

W.— 

1 

4 

S.  62"  E. 
a  291"  E. 
S.  811°  W 
H.  61°  W. 

10.63 
4.10 
1.69 
Y.IS 

6.64 
3.40 

S.G6 
6.64 

2^03 

4.0fi 
6.24 

6.58 
S.4S 

8.6S 
6,B1 

8.34 
3.01 

4.0B 
6.37 

39.65 

10,00 

10.!0 

10.41 

10.29 

10.08 

10.06 

10.36 

10.35 

The  con'eetiona  are  made  by  the  following  proportions ;  tlie 
nearest  whole  numbers  being  taken : 

For  the  LaUtuHes,  Far  tU  Bepo/rtiires. 

29.55  :  10.63  ::  10  :  4  29.55  :  10.63  ::  12  :  4 

29.55  :     4.10  : :  10  :  1  29.55  :     4.10  ::  12  :  2 

29.55  :     7,69  ::  10  ;  3  29.55  :     7.69  ::  13  :  3 

29.55  :    7.13  : :  10  :  2  39.55  :    7.13  : :  12  ^ 

10  12 

•A  ^eroonEtratiou  of  tiiis  principle  wsis  given  by  Dr.  Eowditeli,  in  No.  4  o* 
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This  rule  is  not  always  to  be  strictly  followed.  If  one  line  of  a 
sm-vey  has  been  measured  over  vei-y  uneven  and  rough  ground,  op 
if  its  bearing  has  been  taken  i^itii  an  indistinct  sight,  while  the 
other  hnes  have  been  measured  over  level  and  clear  ground,  it  ia 
probable  that  most  of  the  error  has  occurred  on  that  line,  and  the 
correction  should  be  chiefly  made  on  its  Latitude  and  Departure. 

If  a  slight  change  of  the  hearing  of  a  long  course  -will  favor  the 
Balancing,  it  should  be  so  changed,  since  tlie  compass  is  much 
more  subject  to  error  than  the  chain.  So,  too,  if  shortening  any 
doubtful  line  ivill  favor  the  Ealaneing,  it  should  be  done,  since  dis- 
tances are  generally  measured  too  long. 

(285)  Application  to  Plattiag.  Rule  tliree  columns  ;  one  for 
Stations ;  the  next  for  total  Latitudes ;  and  the  third  for  total  De- 
partures. Fill  the  last  two  columns  by  beginning  at  any  conven- 
ient station  (the  extreme  East  or  West  is  best)  and  adding  up 
(algebraically)  the  Latitudes  of  tlie  following  stations,  noticing 
that  the  South  Latitudes  are  subtractive.  Do  the  same  for  the 
Depai'tures,  observing  thatthe  Westerly  ones  are  also  subtractive. 

Taking  the  example  given  on  page  175,  Art.  (283),  and  begin- 
ning with  Station  1,  the  following  will  be  the  results : 


.„. 

"."i',™",T 

T,oV.t™n"' 

1 

3 
4 
5 
1 

0.00 
+2.21  N. 
+2.36  N. 
+1.15  S. 
— 1.T8  S. 

0.00 

0.00 
+  1.66  E. 
+2.83  E. 
+4.69  E. 
+2.69  E. 

0.00 

It  will  he  seen  that  the  work  proves  itself,  by  the  total 
Latitudes  and  Departures  for  Station  1,  again  coming  out  equal 
to  zero. 

To  use  this  table,  draw  a  meridian  through  the  point  taken  for 
Station  1,  as  in  the  figure  on  the  following  page.  Set  off,  upward 
from  this,  along  the  meridian,  the  Latitude,  221  links,  to  A,  and 
from  A,  to  the  right  perpendicularly,  set  off  the  Departure,  155 
hnks.*     This  gives  the  point  2.     Jom  1....2.     i'rom  1  again,  set 

'Thisismo-^t  easily  dune  with  tlie  aid  of  a  nghi-aiigled  triangle,  sllrHiig  one 
a{  the  eidefi  adjnrent  to  the  riglit  en^le  along  theTilade  of  the  sqiiate,  to  wliich 
Ihe  oilier  aide  will  then  be  perpeniiicular. 
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off,  upward,  236 
Imks,  to  B,  and  from 
B,  to  the  right,  per- 
pendicularly, set  off 
283  links,  which  i\t11 
fix  the  point  3.  Join 
2,...3 ;  and  so  pro- 
ceed, setting  off 
North  Latitudes 

along  the  Meridian  K 
upwards,  and  South 
La.titndea    along    it 
downwards ;       East 


u-es  perpen- 
dicularly to  the  right, 
and  West  Depar- 
turea  perpendicularly  to  the  left. 

The  advantages  of  tliis  method  are  its  rapidity,  eaae  and  accu- 
racy ;  the  impossibility  of  any  error  in  platting  any  one  course 
affecting  the  following  points ;  and  the  certainty  of  the  plat  "  com- 
ing together,"  if  the  Latitudes  and  Departures  have  been  "  Bal- 
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ClLCTLATliSG  THE  OOYfEin'. 

(380)  Methods,  IYhen  a  field  has  been  platted,  by  wljat 
ever  method  it  may  have  teen  surveyed,  ita  content  can  lie  obtained 
from  its  plat  by  dividing  it  up  into  triangles,  and  meaauring  on 
tKo  plat  their  bases  and  perpendiculars ;  or  by  any  of  the  other 
means  explained  in  Part  I,  Chapter  IV. 

But  these  are  only  approximate  methods ;  their  degi-ee  of  accuracy 
depending  on  the  largeness  of  scale  of  the  plat,  and  the  skill  of  the 
draftsman.  The  invaluable  method  of  Latitudes  and  Departures 
gives  another  means,  perfectly  accurate,  and  not  requiring  the 
previous  preparation  of  a  plat.  It  is  sometimes  called  tlie  Rectaa- 
gular,  or  the  Pennsylvania,  or  Rittenhouse's,  method  of  calculation." 

(28t)  Dcfinitieus,  Ima^e  a  Meridian  line  to  pass  through 
the  extreme  East  or  West  comer  of  a  field.  Aceorttmg  to  the 
definitions  established  in  Chapter  V,  Art.  (278),  (and  here  reca- 
pitulated for  convenience  of  reference),  the  perpendicular  distance 
of  each  Station  from  that  Meridian,  is  the  Longitude  of  that  Sta- 
tion ;  additive,  or  pl-UB,  if  East ;  subtractive,  or  minus,  if  West. 
The  distance  of  the  middle  of  any  line,  such  as  a,  side  of  the 
field,  from  the  Meridian,  is  called  the  Longitude  of  that  side.f 
The  difference  of  the  Longitudes  of  the  two  ends  of  a  line  is  called 
the  Departure  of  that  line.  The  difference  of  the  Latitudes  of  the 
two  ends  of  a  line  is  called  the  Latitude  of  the  line. 

"  It  is,  however,  subsfaiitially  the  aamB  oa  Mr.  Tbomaa  Biirgli'a  "Method  (o 
defeiiome  the  aveos  of  right  Uiieil  figiu-ea  univevsally,"  publlohed  iieai-ly  a  ceMnry 
Ego. 

t  The  plirosB  "  Meridian  Distance,"  ia  generally  iiaed  for  wbat  is  hei-e  cslktl 
'  Longitnde";  but  the  analogy  of  "  Differencea  of  Lonsitiide"  with  "  Di£fereneea 
of  Latitude,"  usually  bat  aiiomalonaly  mated  with  the  word  "  Departure,"  boi- 
rowed  ftom  Navigation,  seema  to  put  beyond  all  question  the  propriety  of  the 
'  '  11  here  introduced. 
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(2§§)  IiOugitlldes.  To  ^ve  more  definiteness  to  the  develop 
ment  of  tlib  subject,  the  figure  in  the  jnargin  will  he  referred  to, 
and  may  he  considered  to  represent  any  space  enclosed  h/  straight 
lines. 

Let  NS  be  the  Meridia,n  passing  through  the  extreme  Westerly 
Station  of  the  field  ABCLE.   From  Fig,  193. 

the  middle  and  ends  of  each  side 
draw  perpendieiilara  to  the  MeridU 

au,  These  perpendiculfws  mil  be 
the  Longitudes  and  Departures  of 
the  respectaye  sides.  The  Longi- 
tude, PGf,  of  the  fir&t  course,  AB, 
is  evidently  equal  to  half  its  Depar- 
ture HE.  The  Longitude,  JK,  of 
tlie  second  course,  EC,  is  equal  to 
JL  +  LM  +  MK,  or  equal  to  the 
Longitude  of  the  preceding  couise, 
phis  half  its  Departure,  plus  half 
the  Departure  of  the  course  itself. 
The  Longitude,  TZ,  of  some  other 
course,  as  EA,  taken  anywhere,  is 
equal  to  WX  —  VX  —  UV,  or  equal  to  the  Longitude  of  the  pre- 
ceding  course,  minus  half  its  Depai-ture,  minus  half  the  Departure 
of  the  courst.  itself,  i,  e.  equal  to  the  Algebraie  sum  of  these  three 
parta,  remembering  that  Westerly  Departures  are  negative,  and 
therefore  to  he  subtracted  ■when  the  directions  are  to  make  an 
Algehraie  addition. 

To  avoid  fractions,  it  will  be  better  to  double  each  of  the  preced- 
ing expressions.     We  shall  then  have  a 

GENERAL  RULE  FOR  FINDING  DOUBLE  LONGITUDES. 

The  DovhU  Zongdude  of  the  first  course  is  equal  to  its  De- 
parture, 

The  DouUe  Longitude  of  the  second  couesb  is  equal  to  the 
Jfynile  Longitude  of  the  first  course,  plus  ike  Departure  of  that 
course,  plus  the  Departure  of  the  second  course. 

The  Dovhle  Longitude  of  the  thied  couksb  is  equal  to  the 
Double  Longitude  of  the  second  course,  plus  the  Departure  of  tha*, 
sourse,  plus  the  Departure  of  the  course  itself. 
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The  Jfouile  Longitude  of  any  course  is  equal  to  the  Douhli 
Longitude  of  the  preceding  course,  plus  the  Departure  of  that 
course,  plus  the  Departure  of  the  course  itself* 

The  Double  Longitude  of  the  last  course  (as  well  aa  of  the  first) 
is  equal  to  its  Departure.  Its  "  eoniing  out"  so,  when  obtaiuod 
by  the  above  rule,  proves  the  accuracy  of  the  calculation  of  all  tlie 
I  Double  I 


(289)  Areas.  We  will  now  proceed  to  find  the  Area,  or  Con- 
tent of  a  fieM,  by  means  of  tlie  "  Double  Longitudes  "  of  its  sides, 
which  can  be  readily  obtained  by  the  preceding  rule,  whatever  tbeir 
number. 


(290)  Beginning  with  a  three-sided  field,  ABC  in  the  figure,  draw 
a  Meridian  through  A,  and  draw  perpendi-  ^'k-  ^'^^• 

culars  to  it  as  in  the  last  figure.  It  is 
plain  that  its  content  is  equal  to  the  dificr- 
ence  of  the  areas  of  the  Trapezoid  DBCE, 
and  of  the  Triangles  ABD  and  ACE. 

The  area  of  the  Triangle  ABD  is  equal 
to  the  product  of  AD  by  half  of  DB,  or  to 
the  product  of  AD  by  EG ;  i.  e.  equal  to 
the  product  of  the  Latitude  of  the  1st  course 
by  its  Longitude. 

The  area  of  the  Trapezoid  DBCE  is  equal 
to  the  product  of  DE  by  half  the  sum  of  DE 
and  CE,  or  by  HJ;  i.  e.  to  the  product  of 
the  Latitude  of  the  2d  course  by  its  Longitude. 

The  area  of  the  Triangle  ACE  is  equal  to  the  product  of  AE  by 
half  EC,  or  by  KL ;  i.  e.  to  the  product  of  the  Latitude  of  the  3d 
course  by  its  Lon^tude. 

Calling  the  products  in  which  the  Latitude  was  North,  I^Forili 
Products,  and  the  products  in  which  the  Latitude  was  South, 
South  Products,  we  shall  find  the  area  of  the  Trapezoid  to  bo  a 
8ou&  Product,  and  the  areas  of  the  Triangles  to  be  North  Pro- 


rcmembciijig  that  tlieai 


□  each  other  on  the  s. 
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duets.  The  Difference  of  the  North  Products  and  the  South 
Products  is  therefore  the  desired  area  of  the  three-sided  field  ABC. 
Using  the  Douhle  Longitudes,  (in  order  to  ayoid  fractions),  in 
each  of  the  preceding  products,  their  difference  will  be  the  double 
area  of  the  Triangle  ABC. 

(291)  ToHng  now  a  four-sided  field,  ABCD  in  the  figure,  and 
drawing  a  Merifiiaii  and  Longitudes  as  La-  Fig.  i:;. 

fore,  It  ia  seen,  on.  inapection,  that  its  area 
would  he  obtained  by  taldng  the  two  Trian- 
gles, ABE,  ADG,  from  the  figure  EBCDaE, 
or  from  the  anm  of  the  two  Trapezoids  EBCF 
andFCDG.- 

The  area  of  the  Triangle  AEB  will  be 
found,  aa  in  the  last  ai-ticle,  to  be  equal  to 
tlie  product  of  the  Latitude  of  the  1st  course 
by  its  Longitude.  The  Product  will  be 
North. 

The  area  of  the  Trapezoid  EBCF  will  be 
found  to  equal  the  Latitude  of  the  2d  course 
by  its  Longitude.  The  product  will  be 
South. 

The  area  of  the  Trapezoid  FGDG  will  be  found  to  equal  the 
product  of  the  Latitude  of  the  3(3  course  by  its  Lon^tude.  The 
product  will  be  South. 

The  area  of  the  Triangle  ADG  will  be  found  to  equal  the  pro- 
duct of  the  Latitude  of  the  4th  course  by  its  Lon^tude.  The  pro- 
duct will  be  North. 

The  difference  of  the  North  and  South  products  will  there- 
fore be  tlie  desired  area  of  the  four-sided  field  ABCD. 

UsHDg  the  Doiiile  Longitude  as  before,  in  each  of  the  preceding 
products,  their  difference  iiill  be  double  the  area  of  tlie  field. 

(292)  "Whatever  the  number  or  directions  of  the  sides  of  a  field, 
or  of  any  space  enclosed  by  straight  lines,  its  area  will  always  bo 
equal  to  half  of  the  difference  of  the  North  and  South  Products 
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arising  from  multiplying  together  tlie  Latitude  and  Do\iblo  Longi- 
tude of  each  course  or  ade. 

We  have  therefore  the  followmg 

GENERAL  RULE  FOR  FINDINO  AREAS. 

1.  Prepare  ten  columns,  headed  as  in  ike  example  helozv,  and 
in  the  first  three  write  the  Stations,  Bearings  and  JMstanees. 

2.  Mnd  the  Latitudes  and  Departures  of  each  course,  hy  ike 
Traverse  TaUe,  as  direoted  in  A^t.  (281),  placing  them  in  the 

four  folloiaing  columns, 

3.  Balance  them,  as  in  Art.  (§84),  eorreeiing  them  in  red  in&. 

4.  Find  the  Bovhle  Longitudes,  as  in  Art.  (288),  witJh  refer- 
ence  to  a  Meridian  passing  through  the  extreme  East  or  West 
Station,  andplace  *Sem  in  the  eighth  column. 

5.  Multiply  0ie  Ihuble  Longitude  of  each  course  hy  the  cor- 
reoted  Latitude  of  that  course,  placing  the  North  Products  in  ike 
ninth  column,  and  the  South  Products  in  the  tenth  column. 

6.  Add  up  ike  last  two  columns,  subtract  the  smaller  sum  from 
the  larger,  emd  divide  ihe  difference  hy  two.  The  quotient  will 
he  the  content  desired. 

(2S3)  To  find  the  most  Easterly  or  Westerly  Station  of  a  sur- 
vey, ^vithout  a  plat,  it  is  best  to  make  a  rough  hand-sketch  of  the 
survejj  drawing  tiie  lines  in  an  appcoximalion  to  their  trae  direc- 
tions, by  dramng  a  North  ani  South,  and  East  and  West  lines, 
and  co^sldering  the  Bearings  as  fractional  parts  of  a  light  angle, 
or  90° ;  a  course  N.  45°  E.  for  example,  being  drawn  about  half 
tvay  between  a  North  ajid  an  East  direction ;  a  course  N.  28°  W. 
being  not  quite  one-third  of  the  way  around  from  North  to  West ; 
and  BO  on,  drawing  them  of  approximately  true  propoi-tional  lengths. 

(1!94)  Example  1,  given  below,  refers  to  the  five-sided  field,  of 
which  a  plat  ia  given  in  Fig.  175,  page  151,  and  the  Latitudes  and 
Departures  of  which  were  calculated  in  Art.  (282),  page  175, 
Station  1  is  the  most  Westerly  Station,  and  the  Meridian  will  he 
supposed  to  pass  through  it.     The  Double  Longitudes  arc  best 


Hosted  by 


Google 


'I] 


Calculating  tlie  Content. 


found  by  a  contimial  addition  and  subti-action, 
as  in  the  mar^n,  where  tihey  are  marked  D.  L. 
The  Double  Longitude  of  the  last  course  cornea 
out  equal  to  its  Departure,  thua  proving  the 
work. 

Tho  Doublo  Longitudes  being  thus  obtained, 
are  multiplied  by  the  corresponding  Latitudes, 
and  the  content  of  the  field  obtained  aa  directed 
in  the  General  Rule. 

This  example  may  serre  aa  a  pattern  for  the 
most  compact  manner  of  arranging  the  work. 


.t*t:o«. 

Bs.=,....  ^/;^^;^ 

LATITUDES 

I>EP'TUBBa. 

Q 

UBIE 

jIDUUULG  »REJS. 

N.+ 

S.— 

B.+ 

W.- 

LONGiTUDE 

N.+ 

S.— 

3 

4 
5 

N.  35°    E. 
N.  83^0  B. 
8.  57"  E. 
S.  34i°  W, 
S.  56^  W. 

2.70 
I.S9 
2.33 
3.55 
3.23 

.15 

1.7S 

1,21 
a.93 

1,8S 

a.oo 

1 

-  7.52 
-7.38 
1-2.63 

3.4256 
0.6570 

il!6334 

4.U 

4.14 

4.69 

4.69 

118,8707 

30.7236 

OonteRt=lA..  OE.  15P. 

Si 
(295)  The  Meridian  might  equally  well  have 
been  supposed  to  pass  through  the  most  Easterly 
station,  4  in  the  figure.  The  Double  Lon^tudea 
could  then  have  been  calculated  aa  in  the  mar- 
^n.  They  will  of  course  be  all  West,  or  minus. 
The  products  being  then  calculated,  the  sura  of 
the  North  products  will  be  found  to  he  29.9625, 
and  of  the  South  products  8.1106,  and  their 
difference  to  be  21.8519,  the  same  result  as  be- 
fore . 


2)21.8519 

nre  Chains,  10,0359 

5TA 

4 

-  3,00  D,  L. 

-2.C9 

-0.69  D.  L, 

-2,69 

^  1.5.5 

1 

-  7,83  D.  L. 

-1-1.55 

-1-1.28 

-  5,00  n.  L. 

+-I.8G 

;> 

(298)  A  number  of  examples,  with  and  without  answers,  will 
now  be  ^ven  as  exercises  for  the  student,  who  should  plat  them 
by  some  o£  the  methods  given  in  the  preceding  chapter,  using  each 
of  them  at  least  once.  He  should  then  calculate  their  content  by 
the  method  just  ^ven,  and  check  it,  by  also  calculating  the  area  of 
the  plat  by  some  of  the  Geometrical  or  Instrumental  methods  given 
\n  Part  I,  Chajiter  IV ;  for  no  single  calculation  is  ever  reliable. 
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All  the  examples  (except  the  last)  are  from  tlie  author's  actual 
surveys. 


Example  2,  given  below,  is 
also  fully  worked  out,  as  aooth- 
er  pattern  for  the  student,  who 
need  have  no  difficulty  with  any 
possible  ease  if  he  ati-iotly  fol- 
lows the  directions  ivhich  have 
lioen  giren.  The  plat  is  on  a 
scale  of  2  chains  to  1  inch, 
(=1:1584). 


STAr,o«. 

B....«=,. 

TiSCES 

LATITCBZS.lD.P'TllRE. 

LOMOmiDES. 

oo..,.E...*s.l 

N.+iS— |b.+ 

W,- 

N.+ 

S.- 

1 

■J.  IH"  G. 

a,8i 

9  If, 

.60 

■4-6.56 
+  4,05 

18.0400 

3.20 

77 

:ni 

3.1135 

S.  344''  W 

1.14 

1.04 

.47 

+     .47 

4 

8.48"    B. 

1.53 

1,09   1.14 

+  1.14 

S.  124=  B. 

!.13 

+  2.,52 

i.74G3 

6 

1.64 

.37    1.60 

i.wn 

■dm 

3.59  3.58    3.58 

31.1535 

Oontmt  =  0i\.  3R.  IP. 


Example  3. 


STA 

BBARIHG. 

DISTANCE. 

1 

3 
4 

N.62"     E. 
S.  29  '  E. 
S.  31  -  W. 
N.61    W. 

10.64 

4.09 
7.68 
7.24 

Am.     4A.  3E.  28P. 


JSxampls 

5. 

STA. 

EBAKINS.   JDISTANCB. 

1 
2 
8 
4 

6 

N.341»E. 
N.85°  E. 
S.  56  '  B. 
S.  34  »  W. 
N.  66/  W. 

2.73 
1.28 
2.20 
3.53 
3.20 

Example  4. 


STA. 

BEARING. 

DISTAKCE. 

1 

3 

4 

S.    21»W. 

N.  83l»E. 
N.  12°  E. 
N.  47°W. 

12.41 

5.86 
8.25 
4.24 

Am.     4A.  2E.  37P. 


Am.    lA.  OK.  14P. 


STA 

BEAEIKG. 

DISTANCE. 

1 

N.  35°     E. 

6.49 

2 

S.  bU"  E. 

14.15 

.S 

S.  34°    W. 

S.IO 

4 

S".  66°    W. 

5.84 

5 

S.  291°  w. 

2.52 

6 

S.  48j°  W. 

8,73 
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Example  7. 

Bxampl 

«8. 

STA. 

BEARIKG. 

DISTANCE. 

STA. 

BBAIUNO.    DISTANCE.' 

1 

S.  21i°  W. 

17.62 

1 

S.  661-  E. 
S.  58*   E. 

4.98 

'i 

S.  34"   W. 

10.00 

2 

8.56 

3 

y.66»   W. 

14.16 

3 

S.  14J°  W. 

20.69 

4 

ST.  34°    B. 

9.76 

4 

S.  47°    W. 

0.60 

ft 

ST.  67°    E. 

2.30 

ft 

S.  571°  W 
N.  66'    W 

8.98 

« 

N.  23°    E. 

7.03 

6 

12.90 

7 

H.  18J°  E. 

4.4.3 

7 

S.  84"    E. 

10.00 

8 

S.  76J°  E. 

12.41 

8 

N.  aij  E. 

17.62 

3TA. 

BEARING. 

DISTANCE. 

1 

S.  67°     E. 

6.77 

2 

S.  361°  W. 

2.25 

3 

S.  391°  W. 

1.00 

4 

S.  701°  W. 

1.04 

ft 

N. 681°  W. 

1.28 

6 

N. 66°    W. 

2.19 

7 

N.  33i°  E. 

1.05 

8 

fj.  66J°  W 

1.64 

9 

N.  33J°  E. 

3.18 

Ans.     2A.  OR.  32P. 
Mxamfle  11, 


iTA. 

BEARING. 

DISTANCE. 

1 

N.  18|*  E. 

1.93 

!! 

N.  9°     W. 

1.29 

3 

N.  14°    W. 

2.71 

4 

N.  74°    E. 

0.85 

6 

S.  48  °  E. 

1.59 

6 

S  14  °  E. 

1.14 

7 

S  19,°  E. 

2.15 

8 

S.  23  °  W 

1.22 

9 

S.  5°      W. 

1.40 

10 

S.  30°    W 

1.02 

11 

S.  811°  W 

0.69 

12 

N.  S2i°  W 

1.98 

Example  10. 


STA. 

BEARING. 

DIS'IANCG. 

1 

S".  63°  51'  W. 

6.91 

2 

N.  63°  44'  W 

7.26 

3 

N.  69°  35'  W. 

3.34 

4 

N.  77°  50-  W. 

6.64 

6 

!f.  31°  24'  E. 

14.38 

6 

N.  31°  18'  E. 

16.81 

7 

S.  68°  55'  E. 

13.64 

S 

S.  68°  42'  E. 

11.64 

9 

S.  33°  45'  W 

31.55 

Ans.    74  Acres. 


Hxamijle^t, 

STA. 

BEARING. 

DISTANCE. 

1 

N.  72|°  E. 

0.88 

•f. 

S.  20i°  E. 

0.22 

? 

S.  63°    E. 

0.75 

4 

N.  51°    E. 

2.35 

6 

tf.  44°     E. 

1.10 

6 

N.  25r  W, 

1.96 

7 

N.  8^°    W. 

1.05 

« 

S.  29°    W. 

1.63 

9 

N.  714°  W. 

0.81 

10 

F.  13?°  W. 
N.  63*   T 

1.17 

11 

1.28 

12 

West. 

1.68 

13 

K.49°    W 

0.80 

14 

S.  19J    E. 

6.20 
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e  13.  A  farm  is  desonbed  in  an  old  Deed,  as  bounded 
§  at  a  pile  of  stones,  and  running  thence  twenty- 
[1  chains  and  seventy  lints  South-Easfcerly  sixty-six  and  a  half 
degrees  to  a  white-oak  stump ;  thence  eleven  chains  and  sixteen 
links  North-Eaaterly  twea-  Fig.  197. 

ty  and  a  half  degrees  to  a 
hickory  tree ;  thence  two 
chains  aniJ  thirty-five  links 

North-Easterly  thirfy-aix 
degrees  to  the  South-Eastr- 
erly  corner  of  the  home- 
stead ;  thenee  nineteen 
chains  and  thirty-two  links 
North-Easterly  twenty-six 
degrees  to  a  stone  set  in  : 
the  ground;  thence  twenty- 
eight  chains  and  eighty  links 
North-Westerly  sixty-six 
degrees  to  a  pine  stump ; 
thence  tiiirty-tliree  chains  and  nineteen  Ihil^a  South-Westerly 
twenty-two  degrees  to  the  place  of  begmning,  containing  ninety-two 
acres,  be  the  same  more  or  less.     Required  the  exact  content, 


(297)  Mascheronl's  Theorem.  The  surface  of  any 
is  eqiial  to  half  the  siim  of  the  products  of  its  sides  (omitdng 
one  side)  taken  two  and  two,  into  the  sines  of  the  angles  w. 
those  sides  mahe  with,  each  other. 


Thus,   take   any  polygon,  such  as   the   five- 
sided  one  in  the  figure.     Express  the  angle  which 
the  directions  of  any  two  sides,  as  AB,  CD, make 
with  ea«h  other,  thus  (AB/\CD).     Then  ivill   ^r-':'^, 
Uie  content  of  that  polygon  be,  £^  below ; 


=  i  [AB  .  EC  ,  sitt  (AB  A  ^G)  -1-  AB  .  CD  .  sin  (AE  a  CD) 
+  AB  .  DE  ,  sin  (AB  A  DE)  +  BC  .  CD  .  sin  (BC  A  CD) 
-t-  BC  .  DE  .  sill  (BC  A  BE)  +  CD  .  DE  .  sin  (CD  A  BE)] 
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The  demonstration  consists  merely  in  diTiding  the  polygon  into 
triangles  by  lines  drawn  from  any  angle,  (as  A)  ;  then  expressing 
the  area  of  each  triangle  by  half  the  product  of  its  base  and  the 
perpendicular  let  fall  upon  it  from  the  above  named  angle ;  and 
ficallj  separating  the  perpendicular  into  parts  which  can  each  be 
expressed  by  the  product  of  some  one  side  into  the  sine  of  the 
angle  made  by  ifc  -with  another  side.  The  sum  of  these  triangles 
equals  the  polygon. 

The  expressions  are  simplified  by  dividing  the  pTOposed  polygon 
info  two  parts  by  a  diagonal,  and  computing  the  area  of  each  part 
eeparately,  making  the  diagonal  the  side  omitted.* 


CHAPTER  VII. 


THE  miATIOK  OF  THE  MACiSETIC  NEE0I.E. 

(298)  BefiBitians.  The  Magnetic  Meridian  is  the  ^'J- 
direction  indicated  by  the  Magnetic  Needle.  The  Ti-ue 
Meridian  is  a  true  North  and  South  line,  which,  if  pro- 
duced, would  pass  through  the  poles  of  the  earth.  The 
Variation,  or  Dedination,  of  the  needle  is  the  angle 
which  one  of  these  lines  makes  with  the  ot^ier.f 

In  the  figure,  if  NS  represent  the  direction  of  the  True 
Meridian,  and  N'S'  tlie  direction  of  the  Magnetic  Men- 
dian  at  any  pla^e,  then  is  the  angle  NAN'  the  Variation 
of  the  Needle  at  that  place. 


(299)  Direction  of  Needle.  The  directions  of  these  two  meri- 
dians do  not  generally  coincide,  but  tlie  needle  in  most  places 
points  to  the  East  or  to  the  West  of  the  true  North,  more  or  lesa 

'  The  original  Theorem  ia  uaaaUy_  accredited  to  Llmillier,  of  Geneva,  who  pub- 
lished it  iti  1789.  But  Maacheroni,  the  ingecions  author  of  iha  "  GeomeDy  o( 
the  Oompaeaes,"  bad  published  it  at  Payia,  two  years  previously.  The  method 
»  well  develojied  in  Prof.  Whillock'fl  "  Elements  of  Geometry,'' 

i  "  Deolination"  is  the  more  correct  term,  and  "Variation"  should  bo  reserved 
for  tlie  chanes  iii  the  DeoUiiatiou  wliich  will  be  considered  in  the  nest  chapler  i 
but  ouetom  has  established  the  usa  of  Variatiim  in  the  sense  of  Declination. 
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according  to  the  locality.  Observations  of  tliQ  amount  and  tlie 
direction  of  this  vaiiatioii  have  been  made  in  nearly  all  parts  of  the 
world.  In  the  United  States  the  Variation  in  the  Eastern  States 
is  "Westerly,  and  in  the  "Western  States  is  Easterly,  as  will  be 
given  in  detail,  after  the  metlioda  for  determining  the  True  Meri- 
dian, and  consequently  the  Variation,  at  any  place,  have  been 
explained. 

TO  DETERMINE  THE  TRUE  MERIDIAN. 

(SeO)  By  equal  shadaws  of  tiic  Sun.  On  the  South  aide  of 
any  level  surface,  erect  an  up-  tig.  soo- 

right  staff,  shoiTn,  in  horizon- 
tal projection,  at  S.  Tiro  or 
three  Lours  before  noon,  mark 
the  extremity,  A,  of  its  shadovf. 
Describe  an  arc  of  a  circle  with 
S,  the  foot  of  the  ataff,  for  cen- 
tre, and  SA,  the  distance  to 
liie  extremity  of  the  shadow,  for  radius.  About  as  many  hours 
after  noon  aa  it  had  been  before  noon  when  the  fii'st  mark  was 
made,  watch  for  the  moment  when  the  end  of  the  shadow  touches 
the  arc  at  another  point,  B.  Bisect  the  a,rc  AB  at  N.  Draw  SN, 
and  it  will  be  the  true  meridian,  or  North  and  South  line  required. 

For  greater  accuracy,  describe  several  arcs  before  hand,  mark 
the  points  in  which  each  of  them  is  touched  by  the  shadow,  bisect 
each,  and  adopt  the  average  of  all.  The  shadow  will  be  better 
defined,  if  a  piece  of  tin  with  a  hole  through  it  be  placed  at  the  top 
of  the  staff,  as  a  bright  spot  will  thus  he  substituted  for  the  less 
definite  shadow.  Nor  need  the  staff  be  vertical,  if  from  its  summit 
a  plumb-line  be  dropped  to  the  ground,  and  the  point  which  this 
strikes  be  adopted  as  the  centre  of  the  area. 

This  method  is  a  veiy  good  approximation,  &ough  perfectly 
correct  only  at  tlie  time  of  the  solstices ;  about  June  21st  and 
December  22d.  It  was  employed  by  the  Romans  in  laying  out 
cities. 

To  get  the  Variation,  sot  the  compass  at  one  end  of  the  True 
Meridian  line  thus  obtained,  sight  to  the  otiier  end  of  it,  and  take 
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the  Bearing  as  of  any  ordinary  lino.     The  number  of  degi 
the  reading  mil  be  the  desired  variation  of  the  needle. 


(301)  By  the  Kfflrth  Star,  when  in  the  Meridian.  The  Nortli 
Star,  or  Pole  Star,  (caUed  by  astronomers  Alalia  Ursm  Minoris, 
cv  Polaris),  is  not  situated  precisely  at  the  North  Pole  of  the 
heavens.  If  it  were,  the  Meridian  could  be  at  once  determined  ]jy 
eighting  to  it,  or  plttoing  the  eye  at  some  distance  behind  a  plumb- 
lihe  so  that  this  ime  should  hide  the  star.  But  tlie  North  Star  is 
about  \\°  from  the  Pole.  Twice  in  24  houi^,  however,  (more 
precisely  23h.  56m.),  it  is  in  the  Meri-  rjg_  gm, 

dian,  being  then  exactly  above  or  below  ^._ 

the  Pole,  as  at  A  and  C  in  the  figure.    To 

know  when  it  is  so,  is  rendered  easy  by  the        / 

aid  of  another  star,  easily  identified,  which  ^^  J^  ■;^d 

at  these  times  is  almost  exactly  above  or       'i^  j 

below  the  North  Star,  i.  e.  situated  in  the        \ 

same  vertical  plane.     If  then  we  watch  for  "•—-.^--■'^ 

the  moment  at  which  a  suspended  plumb-  C 

^ne  will  cover  both  these  stars,  they  will  then  be  in  the  Meridian. 

The  other  star  is  in  the  well  known  constellation  of  the  Great 
Bear,  called  also  the  Plough,  or  the  Dipper,  or  Charles's  Wain. 
Fig.aoa.  Tig.  203. 

■1^  *   .  '" 


Two  of  its  five  bright  stars  (the  right-hand  ones  in  Fig.  202)  are 
known  as  the  "Pomters,"  frora  their  winting  near  to  the  North 
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Star,  thus  assisting  in  finding  it.  The  star  in  the  tail  or  handle, 
nearest  to  the  four  ivliich  form  a  quadrilateral,  is  the  star  -wliicli 
cornea  to  the  Meridian  at  the  same  time  with  the  North  Star, 
twice  in  24  hours,  as  in  Fig.  202  or  203.  It  is  known  as  Alioih, 
or  Upsilon  Ursce  Majoris* 

To  determme  tho  Meridian  by  this  method,  suspend  a  long 
plumWiae  from  some  elevated  point,  such  aa  a  stick  projecting 
from  the  highest  window  of  a  home  suitatly  situated.  Tlie  plumb- 
bob  may  pass  into  a  pail  of  -water  to  lessen  its  Yibralions.  South 
of  this  set  up  the  compass,,  at  sach  a  distance  from  the  plumb-line 
tliat  neither  of  the  staj-s  will  be  seen  above  its  highest  point,  i.  e. 
in  Latitudes  of  40°  or  SO'^notquiteasfarfromthe  plumb-line  aait  is 
long.  Or,  instead  of  a  compass,  place  a  board  on  two  stakes,  so 
as  to  form  a  sort  of  bench,  running  East  and  "West,  and  on  it  place 
one  of  the  compass-sights,  or  anything  haying  a  small  hole  in  it  to 
look  through.  As  the  time  approaches  for  the  North  Star  to  be 
on  the  Meridian  (as  taken  from  the  table  given  below)  place  the 
compass,  or  the  sight,  so  that,  looking  through  it,  the  plumb-line 
shall  seem  to  cover  or  hide  the  North  Star.  As  the  star  moves 
one  way,  move  the  eye  and  sight  the  otber  way,  so  as  to  constantly 
keep  tho  star  behind  the  plumb-line.  At  last  Alioth,  too,  will  be 
covered  by  tlie  plumb-line.  At  that  moment  the  eye  and  the 
plumb-line  are  (approximately)  in  the  Meridian.  Fasten  down  the 
sight  on  the  board  till  morning,  or  with  the  compass  take  the  bear 
ing  at  once,  and  the  reading  is  the  variation.f 

Instead  of  one  plumb-line  and  a  sight,  two  plumb-lines  may  be 
suspended  at  tho  end  of  a  horizontal  rod,  turning  on  the  top  of  a 
pole. 

The  line  thus  obtained  points  to  the  East  of  the  true  line  when 
the  North  Star  is  above  Alioth,  and  vice  versa.  The  North 
Star  is  exactly  in  the  Meridian  about  IT  minutes  after  it  has  been 
in  the  aame  vertical  plane  with  Alioth,  and  may  be  sighted  to  after 
that  interval  of  time,  with  perfect  accuracy. 


»ThBNQrtIiPol£ 

1   !! 

veiy  n. 

sarly  a 

t  the  ii 

iteraeotion  ■ 

Alioih,  and  a  peqiendi 

ciili^K 

>thiali 

1  the  small 

Fig.  ao2. 

t  If  a  TraTislt  o. 

■TV 

leodolit 

e  bei 

ised,  til 

D  eross-haii 

ihrowing  fhe  lighi 

of  a 

lamp  i 

ata  the  telescope  by  ila  rt 
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jinother  bright  star,  which  is  on  the  opposite  side  of  the  Pole, 
and  is  known  to  asti-onomers  as  Gamma  Oassiopeice,  also  comes  on 
the  Meridian  nearly  at  the  same  time  as  the  North  Star,  and  mR 
thus  assist  m  determining  its  direction. 


(S03)  The  time  at  which  the  North  Star  passes  the  Merirlian 
above  the  Pole,  for  every  lOth  day  in  the  year,  is  given  in  the  fol- 
lowing Table,  in  common  dock  time*  Tho  upper  transit  is  Iho 
most  convement,  since  at  the  other  transit  Aliotli  is  too  high  to  he 
convecier 


1 

MONTH. 

1st  Day. 

lltbDAY. 

21st  DAT. 

il.     M. 

H.     M. 

a.    M. 

* 

January, 

6  21  p.  M. 

5  41  p.  M. 

5  02,  p.  M. 

3 

February, 

i  18  p.  H. 

3  §9  p.  M. 

3  00  p.  H. 

1" 

March, 

2  28  p.  K 

1  49  p.  M 

1  09  p.  M. 

1 

April, 

0  26  p.  M 

11  47  i.  M 

11  08  A.  11. 

St, 

May, 

10  28  A.  M 

9  49  A.  M 

9    10   A.  M. 

^ 

June, 

8  2T  A.  M 

7  48  A,  Ji 

7  08  A.  JI. 

1 

Mj, 

6  29  A.  M 

5  60  A.  M 

5   11  A.  JI. 

August, 

4  28  A.  K 

3  49  A.  M 

3  09  A.  11. 

September, 

2  26  A.  M. 

1  47  A.  M 

1   07  A.  M. 

Ootobei, 

0  28  A.  M 

11  45  p.  M 

11  06  p.  H. 

1 

Ifovember, 

10  22  p.  M 

9  43  p.  II 

9  04  p.  JI. 

December, 

8  24  p.  M 

7  4.5  p.  31 

7  06  p.  JI. 

*  Til  calculate  the  time  of  the  NoWh  Star  passing  the  Meridian  at  ita  nppev  cni 
miuBtioii :  Fiud  in  the  "  American  Almanac,"  (Boston),  or  the  "  Astronomical 
Epliemai-ia,"  (Waehinglon),  or  the  "  Nautical  Almanac,"  (London),  or  by  interpo- 
lation from  the  data  at  the  end  of  this  note,  the  right  asceosion  of  tile  star,  and  ftom 
it  (increased  by  twenty-four  honrs  if  necessary  to  render  the  subtraction  possible) 
subtraot  the  Eight  ascension  of  the  Baa  at  mean  noon,  or  the  sidereal  time  at 
mean  noon,  far  the  given  day,  as  found  in  the  "  EphemHria  of  the  Sun,"  in  the 
game  Almanacs.  From  the  remainder  subtract  the  acceleration  of  sidereal  oa 
mean  time  corteepondins  to  this  remainder,  (3in.  5Ss.  for  24  hours),  and  the  new 
remainder  is  lie  requir^  mean  solar  time  of  the  upper  passage  of  the  star  bomsi 
the  Meridian,  in  "Aalronoraioal"  reckoning,  the  astronomical  day  beginning  at 
noon  of  the  commoo  civil  day  of  the  same  date. 

The  right  ascension  of  the  North  Btai-  for  Jan.  I,  1650,  is  Ih.  05m.  OlAe. ;  for 
I860,  Ih.  08m.  03.83. ;   for  1870,  Ih.  11m.  le.Ss. ;    for  18S0,  Ih.  14m.  45.1s. ;    for 
1890,  Ih.  18m.  29.Ds. ;  for  1900,  Ih,  9am,  ais. 
13 
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To  find  the  time  of  the  star's  passage  of  the  Meridian  for  oih.ei 
daj^  than  those  given  in  the  Table,  take  from  it  the  time  for  the 
day  most  nearly  prececling  that  desired,  rmd  subtract  from  this 
time  4  minutes  for  each  day  from  the  date  of  the  day  in  the  Table 
to  that  of  the  desired  day ;  or,  more  accurately,  interpolate,  by 
saying :  As  the  number  of  days  between  those  given  in  the  Table 
is  to  the  number  of  days  from  the  next  precedmg  day  in  the  Table 
to  tJie  desired  day,  so  is  the  difference  between  the  times  given  in 
the  Table  for  the  days  next  preceding  and  following  the  desired 
day  to  tlie  time  to  be  suhtracted  from  that  of  the  next  preceding 
day.  The  fii-at  term  of  the  preceding  proportion  is  alivays  ten, 
except  at  the  end  of  months  having  more  or  less  than  30  days. 
For  example,  let  the  time  of  the  North  Star's  passing  the  Meridian 
on  July  26th  be  required,  Trom  July  21st  to  August  1st  being 
11  days,  we  have  this  proportion :  11  days  :  5  days  ; :  43  minutes  : 
19t^t  minutes.  Taking  this  from  5h.  11m.  A.  M.,  we  get.4h. 
51^m.  A.  M.  for  the  time  of  passage  required. 

The  North  Star  passes  the  Meridian  later  eveiy  year.  In 
1860,  it  will  pass  the  Meridian  about  two  minutes  later  than  in 
1854 ;  hi  1870,  five  minutes,  in  1880,  eight  minutes,  in  1890, 
twelve  minutes,  and  in  1900,  sixteen  minutes,  later  than  in  1854; 
the  year  for  which  the  preceding  table  has  been  calculated. 

The  times  at  which  the  North  Star  passes  the  Meridian  ielotv 
the  Pole,  in  its  lower  Transit,  can  be  found  by  adding  llh,  68m, 
to  the  time  of  the  upper  Transit,  or  by  subtracting  that  interval 
from  it,* 

(303)  Ky  tlie  Sortli  Star  at  its  Citrem*  clOTEatiOB.  When 
the  North  Star  is  at  its  greatest  apparent  angular  distance  East  or 
West  of  the  Pole,  as  at  B  or  D  in  Fig.  201,  it  is  said  to  be  at  its 
extreme  Eastern,  or  extreme  Western,  Elongation.  If  it  be  observed 
at  either  of  these  times,  the  direction  of  the  Meridian  can  be  easily 

•  The  Norrti  Slur,  which  ia  now  abont  lo  28'  fi-om  the  Pole,  was  12°  distanl 
-from  it  when  its  place  waa  first  recorded.  Irs  distance  ia  now  diminish  in  f;  at  the 
rate  of  about  a  third  of  a  minute  in  a  year,  and  will  continue  to  do  eo  till  it  ap- 
jiroaches  to  within  half  a  degree,  whea  it  will  agaia  recede.  The  brightest  star 
ID  die  Northern  bemisphere.  Alpha  hgns,  will  bs  the  Tuls  Star  in  about  IQ,000 
years,  being  ttien  within  abont  5»  of  flie  Pole,  lliough  now  more  than  51°  diBtaui 
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obtained  from  the  observation.  The  great  advantage  of  this  method 
over  the  preceding  is  that  then  the  star's  motion  apparently  ceases 
for  a  short  time. 


(304)  The  following  Table  givea  the 

TXMES    01   EXTREME    ELONGATIONS    OP   THE   HOETH   STAR.* 


MOUTH. 

1st  Day. 

11m  Day. 

2l8T  Day.  •     1 

EASTEaiT. 

WB3TBEN. 

EASTERN. 

WESTBR-'i. 

EASTBEN. 

WESTERN. 

H.   M. 

H.   M. 

a.  M. 

H.   M. 

H.  M. 

H.   M. 

J«n'y, 

02Tl>.M. 

019A.M 

1147  a.m. 

1135  p.m. 

1108  a.m. 

10  00  P.M. 

PeVy, 

10  24a.m. 

1013P.M 

945  a.m. 

9  33  p.M 

906  a.m. 

8  54  p.m. 

March, 

884  a.m. 

822  p.m. 

7  66a.1I. 

7  43P.M 

715  a.m. 

'04  p.m. 

April, 

6  32A.H. 

620P.M 

663A.M 

541p.ir 

614a.m. 

6  02  p.m. 

May, 

4  34  a.m. 

422P.M 

3  55A.M 

3  43  p.M 

3  16A.K 

3  04  p.m. 

Tune, 

288A.1.I 

221P.M 

153A.M 

142  p.M 

1 14  A.M 

102  p.m. 

My, 

0  86A.M 

023p.1i 

1162P.M 

1144A.M 

11 13  P.M 

1105  a.m. 

August 

10  30P.M 

10  22A.M 

961P.M 

943A.M 

9  11  P.M 

903  a.m. 

Sept'r, 

828p.1i. 

8  20A.M 

749P.M 

7  41A.K 

7  09  P.M 

7  01  A.M. 

Oct'r, 

630  p.m. 

6  22A.H 

5  51P.M 

5  43A.M 

5 12  p.M 

5  04i.M. 

[fov'r, 

428  p.m. 

421A.M 

349P.M 

3  41A.M 

310p.1i 

3  02a.m. 

Dec'r, 

2S0P.H. 

222A.M 

161P.M 

143A.M 

112  p.M 

1 04A.J1I. 

The  Eastern  Elongations  from  October  to  March,  and  the  West- 
ern Elongations  from  April  to  September,  occunmg  in  the  day 
time,  they  ivill  generally  not  be  visible  except  with  the  aid  of  a 
powerful  telescope. 


lance  at  ibe  giTen  time.    Add  the  logarilhm  of  ite  inneeDt  to  the  logarithm  of  Ihs 
tangent  oi  the  Latitude  of  Ibe  plaoo,  and  lliB  Bum  will  be  Elie  lo°atitlira  of  tb- 


IF  the  oolmi 


iuca  tbe  apace  t( 


IsTne  of  llie  Hour  angle  before  01 

result  from  the  time  of  the  atar'a  passing  the  roeiidiED  on  th&t  day,  10  get  the  time 
of  the  Eaatetn  elongadDU,  of  add  it  to  get  the  WeEterii, 

The  Folar  distance  of  the  Novlh  Star,  for  Tan.  1,  1850,  is  1*  W  25":  for  1860, 
1"  26'  12".7i  fof  1870,  l"  23"  01";  for  1880,  1'  IP  50".J;  for  3890,  1"  16'  40".7( 
for  IMO,  1'  13'  35'',a, 
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The  preceding  Table  was  calcukted  for  Latitucle  40°.  Tha 
Time  at  which  the  Elongations  occur  vary  slightly  for  other  Lati- 
In  Latitude  50°,  the  Eastern  Elongations  occur  about  2 
8  later  and  the  Western  Elongations  about  2  minutea  earlier 
than  the  times  in  the  Table.  In  Latitude  26'^,  precisely  the 
reverse  tates  place. 

The  Times  of  Elongation  ai'e  continually,  though  slowly,  becom- 
ing later.  The  preceding  Table  was  calculated  for  July  lat,  1854. 
In  1860,  the  times  wOl  be  nearly  2  minutes  later;  and  in  1900, 
the  Eastern  Elongations  will  be  about  15  minutes,  mi  the  Western 
Elongations  17  minutes  later  than  in  1864. 

(305)  ObserTationSi  Knowing  from  the  preceding  Tablo  tho 
hour  and  minute  of  the  extreme  Elongation  on  any  clay,  a  littie 
before  that  time  suspend  a  plumb-line,  precisely  as  in  Art,  (301), 
and  place  yourself  south  of  it  as  there  directed.  As  the  North 
Star  moves  one  way,  move  your  eye  tiie  other,  so  that  the  plumb- 
line  shall  continually  seem  to  cover  the  star.  At  last  the  star  will 
appear  to  stop  moving  for  a  time,  and  then  be^n  to  move  back- 
wards. Fix  the  sight  on  the  board  (or  the  compass,  &c.)  in  the 
petition  in  which  it  was  when  the  star  ceased  movmg ;  for  the  star 
was  tlien  at  its  exti-cmo  apparent  Elongation,  East  or  West,  as  tJie 
case  may  be. 

(306)  Azimuibs.  The  angle  which  the  line  from  the  eye  to  the 
plumb-hne,  makes  with  the  True  Meridian  (i.  e.  the  angle  between 
the  meridian  plane  and  the  vertical  plane  passing  tlirough  tJie  eye 
and  the  star)  is  called  the  AzimutJi  of  the  Star.  It  is  given  in  the 
following  Table  for  different  Latitudes,  ind  for  a  number  of  yeai'S  to 
come.  For  the  intermediate  Latitudes,  it  can  be  obtained  by  a 
simple  proportion,  similar  to  that  expliined  in  detail  in  Art.  (302).' 

*  To  calculate  fbis  Azimuth :  Fiom  the  logarithm  of  the  sine  of  llie  Polar  dia 
tance  of  the  star,  subtract  the  io^rilhni  of  the  cosine  of  iheLaliludeuf  ihe  place ; 
Ihe  remainder  will  be  the  logariihm  of  Ihe  sine  of  the  angle  required.  The  P* 
Ur  diataace  can  be  obtained  as  directed  in  the  laat  note. 
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Azijn;xns  or  the  north  stas. 


L.,«. 

1854    1866 

1856 

1867 

1868 

1869 

1860 

1870 

60° 

2°16J 

2°  161 

20  16' 

20  15J 

2°  16' 

2°  14V 

2°  141' 

2°  091' 

49= 

2°  14' 

2'5  13J 

2°  134' 

20  12S 

20  121' 

2°  12' 

2°  114' 

2°  064' 

48° 

2°114 

2°  11' 

2°  101' 

2°  101 

2°  09}' 

2°  09i' 

2°  09' 

2°  04' 

47° 

2°09' 

2°  081 

2°  08' 

2°07| 

2°07J 

2»06S' 

2°  OBJ' 

2°  01|' 

46° 

2°00| 

2°  061 

2°0Sr 

2°05i 

2' 05' 

2°044' 

2°  041' 

1°!.9V 

46° 

2°  04^ 
2°02J 

2°  04' 

2°  034' 

20  03^ 

2°02| 
2°  01' 

2°02J' 

2°  02' 

1°5V4' 

44° 

2°  02' 

2°  Oil' 

*01i 

20  OOi' 

2°  00' 

lo65». 

4S0' 

2°00J 

2°  00' 

10  69J' 

1°69' 

1°  681' 

l°58i' 

loss- 

l°6bV 

42° 

10  6S1' 

10  58' 

10  574' 

19  57J' 

10  56|' 

1°66V 

lose' 

loSlJ' 

41° 

i°6er 

1°56J' 

l°66r 

10  56J' 

10  66' 

1°  64|' 

1°544' 

10  60' 

40° 

1°55' 

1°64V 

1°64' 

lo  53i' 

lo  63t' 

1°53' 

1°52J' 

1°  481' 

39° 

1°  68J' 

1°  52|' 

1°52J' 

10  62' 

1°  61|' 

l°61i' 

1°61' 

1°  461' 

38° 

10  511 

1°51J' 

1=61' 

lo  60J' 

1°50' 

lo  49f ' 

l°49i' 

1°  451' 

37° 

l°60i 

10  49| 

1°  49i' 

1°49' 

10  481' 

l"4»i' 

1°48' 

1044. 

36° 

1°48J 

1°48} 

1°48' 

10  47J 

10  47J 

1°47' 

1"464' 

1°  42|' 

36° 

l°47i 

1°47' 

10  46J 

l°46l 

1°46' 

1°  455' 

1°461' 

1°414' 

84° 

l°46i 

l°46i 

l°45i' 

1°46' 

1°44| 

l°44i' 

1°44' 

10  401' 

33° 

19  45' 

lo44i 

1°44J' 

lo43| 

10  43J 

1°48' 

i°42r 

1°39' 

82° 

1°44' 

10  43J' 

1°43' 

1°42| 

10  421 

1°42' 

10  4U' 

1°38' 

31° 

1»42} 

1°42J' 

1°42' 

L0  41J 

1°41' 

1°  40|' 

40404 

1037' 

30° 

1°4U 

l°41i' 

10  41' 

1O40J 

1O40J 

1O40' 

1°394 

1°  36'  1 

(307)   Sctti!!^  ©ffit  a  Meridian.     When  two  poiats  in  the  direc- 
tion of  tEe  North  Stat  at  its  extreme  elongation  have  been  Fig;  204. 
obtained,  as  in  A  t   (305)    the  True  Mei  iiin  cai   be 
found  thus.   Let  Aa   IBbetletio  pomta    M  Iti)  ly  the 
natural  tangent  of  tl  e  \.z  mutl  "iven  in  the  Til  le  by  the 
distance  AB      Tlep    I  ct  nJl  le  th    length  of  a  line 


which  is  to  1  e  ! 


.  jerpei 


ml   uKi  to  AB,  to 


Bome  point  C  A  ai  il  G  wiU  then  be  pomta  m  the  True 
Meridian.  11  a  oj  ei  \t  n  luiy  be  5  ostp  ne  1 1 11  moi  ing. 
IfthedirectiousoftoththoextiemeL^'iteinanle  t  erne 
Western  elongations  be  set  out,  the  liae  lyin 
between  tliem  ■\Yill  be  the  True  Meridian. 
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(SOS)  Itctcrmiiiiiig  the  .Variaiioni  The  vaiiatioii  would  of 
course  be  given  )ij  takiag  the  Bearing  of  the  Meridian  tliua 
obtained,  but  l'-  can  also  be  determined  by  taking  the  Bearing  of 
the  star  at  the  time  of  the  extreme  elongatjon,  and  applying  the 
following  rules. 

When  the  Azimuth  of  the  star  and  its  magnetic  beaj'iiig  are  one 
East  and  the  other  West,  the  sum  of  the  two  is  the  Magnetic  Vari. 
tion,  'which  is  of  the  same  name  as  the  Azimuth ;  i.  e.  East,  if  that 
be  East,  and  West,  if  it  be  West, 

When  the  Azimuth  of  the  star  and  its  Magnetic  Bearing  are 
both  East,  or  both  West,  their  difference  is  the  Variation,  which 
will  be  of  the  same  name  as  the  Azunuth  and  BeaiiLg,  if  the  Azi- 
muth be  the  gi-eater  of  the  two,  or  of  the  contrary  name  if  the 
Azimuth  be  the  smaller.  ^''S-  203. 

All  these  cases  are  presented  together  in  the  ^       ^  :§ 


figure,  in  which  P  is  the  North  Pole ;  Z  the  place 
of  the  observer;  ZP  the  True  Meridian;  S  the 
star  at  its  greatest  Eastern  elongation ;  and  ZN, 
ZN',ZN",variou3  supposed  directions  of  the  needle. 

Gall  the  Azimuth  of  the  star,  i.  e.  the  angle 
PZS,  2°  East. 

Suppose  the  needle  to  point  to  N,  and  the  Bear- 
ing of  the  star,  i.  e.  SZN,  to  be  5°  West  of  Mag- 
netic North.     The  variation  PZN  will 
7°  East  of  true  North. 

Suppose  the  needle  to  point  to  N',  and  the  bearing  of  the  star, 
i.  e.  N'ZS,  to  be  l^'  East  of  Magnetic  North.  The  Variation 
will  be  1°  East  of  true  North,  and  of  the  same  name  as  the  Aziaiutli| 
because  that  is  greater  than  the  bearing. 

Suppose  the  needle  to  point  to  N"  and  the  bearing  of  the  star, 
i.  e.  N"ZS,  to  be  10°  East  of  Magnetic  North.  The  Variation 
will  be  8°  West  of  true  North,  of  the  contrary  name  to  the  Azimuth, 
because  that  k  the  smaller  of  the  two.* 

*  Algebraically,  always  subtract  the  Bearing  from  the  Azimuth,  Dtid  give  the  re 
mainderila  proper  reeumng  algebraic  aiga.  It  will  betha  VEi'iatioii!  Best  ifpia- 
and  West,  if  minus,  Thos  in  the  first  case  above,  the  VaiiBtion  =  +  S'  — 
(—  5°)  =  +  7°  =  7°  East.  In  the  second  case,  the  Vai-ialion  =  +  a°  —  ( +  U°) 
-=  4-  1°  =  1°  East  111  tho  third  case,  the  Variation  =  -|-  2°  —  (+  10^1  =■ 
_  8»  —  8=  West, 
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If  the  star-  was  on  the  other  side  of  the  Pole,  the  rules  woidd 
dpply  likewise. 

(309)  Other  Methods.  Maiuy  other  methods  of  determining  the 
true  Meridian  are  employed ;  such  as  hj  equal  altitudes  and  azi- 
muths of  the  sun,  or  of  a  star ;  by  one  a^muth,  knowing  the  time  ; 
by  observations  of  circumpolar  stars  at  equal  times  before  and  after 
their  culmination,  ov  before  an.d  after  their  greatest  elongation,  &C 

All  tJiese  methods  however  require  some  degree  of  astronomicai 
knowledge ;  and  tJiose  which  have  been  expJkined  are  abundajitly 
sufficient  for  all  the  purposes  of  the  ordinary  Land-Surveyor. 

"Burt's  Solar  Compass"  is  an  instrument  by  which,  "when 
adjusted  for  the  Sun's  dechnation,  and  tbe  Latitude  of  tlie  place, 
the  azimuth  of  any  line  from  the  true  Worth  and  South  can  be  read 
off,  and  the  difference  between  it  and  the  Bearing  by  the  compass 
will  then  be  the  vaiiation." 

(3S0)  MagMiic  Tariatiftn  In  ilie  Piaitcjl  Stales.  The  vari- 
ation of  the  Magnetic  needle  in  any  part  of  tbe  United  States, 
can  be  approximately  obtained  by  niero  inspection  of  the  map 
at  tlie  beginning  of  this  volume,*  Through  all  the  places  at 
which  the  needle  in  1850,-|-  pointed  to  the  true  North,  a  line  la 
drawn  on  the  map,  and  called  tbe  Zme  of  no  Variation.  It  will 
be  seen  to  be  nearly  straight,  and  to  pass  in  a  N.IN'.'W.  dii'ection 
from  a  little  west  of  Cape  Hatteraa,  N.  0.  through  tbe  middle  of 
Virginia,  about  midway  between  Cleveland,  (Ohio),  and  Eiie, 
(Pa.),  and  through  the  middle  of  Lake  Erie  and  Lake  Huron.  If 
followed  South-Easteny  it  would  be  found  to  touch  the  most 
Easterly  point  of  South  America.  It  is  now  slowly  moving 
Westward. 

At  all  places  situated  to  the  East  of  this  line  (including  the 
New-England  States,  New-York,!N"ew-Jersey,  Delaware,  Kai-y- 
land,  nearly  all  of  Pennsylvania,  andthe  Eastern  half  of  Yirginia 
and  North  Carolina)  the  Yaiiation  is  "Westerly,  i.  e.  the  north  end 
ofthe  needle  points  to  the  west  o£  the  true  North.   At  all  places 

*  Copiect  (bj  permission)  from  one  prepared  in  1S66,  by  Prof.  A.  D.  Baohe,  Supi  U. 
a.  CoDst  Surrey,  from  Uie  U.  S,  C.  S.  Obsarvations.  The  doited  portions  of  tho  lines 
are  Interpolations  due  to  the  Itindneas  of  J.  E.  Hilgard,  Assist  U.  S.  Coast  Survey. 

t  A  ^sdual  clianae  in  the  T^iation  is  E!i>mg  on  bom  year  la  year,  as  will  be  e» 
plained  in  Uxe  next  Chapter. 
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situated  to  the  West  of  this  line  (including  the  Western  aud  Soutli- 
erii  States)  the  Variation  is  easterly,  i.  e.  the  North  end  of  the 
needle  points  to  the  East  of  the  true  North.  This  variation  in- 
creases in  proportion  to  the  distance  of  the  place  on  eitiier  side  of 
the  Une  of  no  variation,  reachmg  21°  of  Easterly  Variation  in  Ore- 
gon, and  18°  of  Westerly  Variation  in  Maine. 

Iamb  of'eqiud  Variation  are  lines  drawn  through  all  the  places 
which  have  the  aame  variation.  On  the  map  they  are  drawn  for 
each  degree.  All  the  places  situated  on  the  line  mai'ked  1°,  East 
or  West,  have  1°  Variation ;  tJiose  on  the  2°  Hne,  have  2°  Variar 
tion,  &c.  The  variation  at  the  intermediate  places  can  he  approxi- 
mately estimated  by  the  eye.     These  lines  aU  refer  to  1840. 

The  lines  of  equal  Variation,  if  continued  Northward,  would  all 
meet  in  a  certain  point  called  the  Magnetic  Pole,  and  situated  in 
the  neighborhood  of  96°  West  Longitude  from  Greenwich,  and  70" 
of  North  Latitude.     Towards  this  pole  the  needle  tends  to  point. 

Another  Magnetic  pole  is  found  in  the  Southern  hemisphere  ; 
but  the  farther  development  of  this  subject  belongs  to  a  treatise  on 
Natural  Philt^ophy. 

The  Variation  on  the  Pacific  slope  of  this  country  has  been  very 
imperfectly  ascertained.     A  few  leading  points  are  as  below. 
California ;       Point  Conception,  Sept.  1860,  IS'  49|'  E. 

Point  Penos,  Monterey,     Feb.   1851, 14°  58'    E. 

Presidio,  San  Francisco,     Feb.   1852, 15°  27'    B. 

San  Diego,  Mar.  1851, 12"  29'    E. 

Oregon;  Capo  Disappointment,        July,  1S51,  20°  45'    E. 

Ewing  Harbor,  Nov.  1851,  18°  29'    E. 

Wash.  Ter'y.  Scarboro'  Harbor,  Aug.  1852,  21°  80'    E. 

(3JI)  To  correct  Magnetic  Bearings.  The  Variation  at  any 
place  and  tune  being  known,  the  Magnetic  Bearings  taken  there 
and  then,  may  be  reduced  to  tlieir  true  Eearinga,  by  tlieae  Rules. 

Rule  1.  When  the  Variation  is  West,  as  it  Js  in  the  North- 
Eastern  States,  the  true  Bearing  will  be  the  sum  of  the  VariatioG 
and  a  Bearing  which  is  Nortii  and  West,  or  South  and  East ;  and 
the  difference  of  the  Variation  and  a  Bearing  wHch  is  North  and 
East,  or  South  and  West.     To  apply  this  to  the  cardinal  points,  a 


Hosted  by 


Google 


I.]       YariaUoH  »f  the  Magnetic  Keedlc. 


kA 


201 

North  Eeaiing  must  be  called  N.  0°  Weat,  an  East  Bearing  N. 
90=  E.,  a  South  Bearing  S.  0°  E.,  and  a  West  Bearmg  S.  90=  "W. ; 
counting  around  from  N'  to  N,  ia  the  figure,  and  so  onivard,  "with 
the  Sun." 

The  reasons  for  these  corrections  Fig.  2oe. 

are  apparent  from  the  Figure,  in  which 
the  dotted  lines  and  the  accented  let- 
ters represent  the  direetioa  of  the  nee- 
dle, and  the  full  lines  and  the  unac- 
cented letters  represent  the  tnie  iN^orth  ' 
and  South  and  East  and  West  lines. 

When  the  sum  of  the  Vination  an  1 
the  Beaimg  w  diiected  to  be  taken, 
ani  corner  to  more  than  "^0°,  the  sup- 
plement of  the  sum  js  to  be  tiken,  and  the  fii^t  lettei  chj 
'When  the  difference  is  directed  to  be  taken,  and  the  Vination  is 
gieiter  thin  the  Beaimg,  the  Inst  letter  must  be  chauj^ed  A 
diagiam  of  the  case  will  reno^e  ill  doubta  Eximplea  of  ill  thtoe 
ases  aie  gnen  below  foi  a  Variation  of  S"  West 


1\ 


MAGNETIC 

TRUE 

MAGNETIC 

TEDE 

BBARING. 

BBARINQ. 

BEARING. 

BEARING. 

North. 

S.    H'W. 

South. 

S.    8"E. 

N.    loE. 

N.    7'W. 

S.    2"  W. 

S.    6"E. 

N.  40'  E. 

N.  32"  E. 

S.  60"  W. 

S.  62"  W. 

East. 

N.  82°  E. 

West. 

S.  82"  W. 

S.  60-  E. 

S.  68"  E. 

N.  70" W. 

N.  78"  W. 

1     S.  89"  E. 

H. 83" E. 

K.  83"  W. 

S.  89"  W. 

Rule  2.  When  the  Variation  is 
East,  as  in  the  Western  and  Southern 
States,  the  preceding  directions  must 
be  exactly  reversed ;  i.  e.  the  true 
Bearing  will  be  the  differenee  of  the 
VariatioD  and  a  Bearing  which  ia 
North  and  West,  or  South  and  East ; 
and  the  mm  of  the  Variation  and  a 
Bearing  which  is  North  and  East,  or 
South  and  West.     A  North  Bearing 


1      -V 
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must  be  called  31.  0°  E.,  a  West  Beaj-mg  N.  90=  W.,  a  Soutb 
Bearing  S.  0°  W.,  and  an  East  Bearing  S,  90°  E.,  counting  from 
N'  to  N,  and  eo  onward,  "against  the  svin,"  The  reasons  foi 
these  rules  are  seen  in  the  Figure.  Examples  are  given  below,  foi 
a  Variation  of  5°  E. 


MAGNETrO 

TRUE 

KAG^-ETIO 

TRUE 

BEARING. 

BBARItTG. 

BEARING. 

BEARING. 

Noi-th. 

N.    5°  E. 

South. 

S.     6'  W. 

K.  40°  M. 

K.  46'  B. 

S.  60'  ff. 

S.  65'  W. 

N.  89- B.  . 

S.  86'  B. 

S.  8T  W. 

N.  88'  W. 

Eaat. 

S.  85'  E. 

West. 

N.  85' W. 

S.    1°  E. 

S.    4'  W. 

N.  70' W. 

N.  66'  W. 

S.  60'  E. 

S.  45'  E. 

N.    2'W. 

N.    3°  E. 

(312)  To  suiTcy  a  line  with  trise  Bearings.  The  eompasa 
may  be  set,  or  adjusted,  by  means  of  the  Vernier,  (noticed  in  Arts. 
(229)  and  (237),  and  shown  in  Pig.  148,  page  126)  accordmg  to 
the  Variation  m  any  place,  so  that  the  Beai-inga  of  any  Imes  then 
taken  with  it  ivill  be  their  true  Bearings.  To  effect  this,  turn  aside 
the  compaaa  plate,  by  means  of  the  Tangent  Screw  which  movea 
the  Vernier,  a  number  of  degrees  equal  to  the  Variation,  moving 
the  S.  end  of  the  Compass-hox  to  the  rigM,  (the  North  end  being 
supposed  to  go  ahead)  if  the  Variation  be  Westerly,  and  viee  versa; 
for  that  moves  the  North  end  of  the  Compass-box  in  the  contrary 
direction,  and  thus  makes  a  hue  which  before  was  N.  by  the  nee- 
dle, now  read,  aa  it  should  truly,  NoiH^h,  so  many  degrees.  West 
if  the  Variation  was  West ;  and  similarly  in  the  reverse  case. 
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CHAPTER  VIII. 


CHASSES  m  THE  VARIiTIO^'. 

(313)  The  Changes  m  the  Yariation  are  of  moro  praetleal 
importance  than  its  absolute  amount.  Ttey  are  of  four  klnda: 
Irregular,  Diurnal,  Annual  and  Secular. 

(334)  Irregular  cbilllgcg.  The  needle  ia  subject  to  auddea 
and  violent  changes,  which  have  no  Imoivn  law.  Thej  are  some- 
tunes  coincident  with  a  tliunder  storm,  or  an  Aurora  BoreaKs, 
(duiing  which,  clianges  of  nearly  1°  in  one  minute,  2^°  in  eight 
Bunutes,  and  10°  in  one  night,  have  been  observed),  but  often 
Bavo  no  apparent  cause,  except  an  otherwise  invisible  "Magnetic 
Storm." 

(313)  The  Diurnal  chang:e.  On  continuing  observations  of 
the  direction  of  the  needle  throughout  an  entire  day,  it  mil 
bo  found,  in  the  Northern  Hemisphere,  that  the  North  end 
of  the  needle  moves  Westward  from  about  8  A.  M.  till  about  2 
P.  M.  over  an  arc  of  from  10'  to  15',  and  then  gradually  returns 
to  its  former  poaiiJon.*  In  the  Southern  Hemisphere,  the  direction 
of  this  motion  is  reversed.  The  period  of  this  change  being  a  day, 
it  is  called  the  Diurnal  Variation.  Its  effect  on  the  permanent 
Variation  is  necessarily  to  cause  it,  in  places  where  it  is  West,  to 
attain  its.  maximum  at  about  2  P.  M.,  and  its  nunimum  at  about  8 
A.  M. ;  and  the  reverse  where  the  Variation  is  East. 

This  Diurnal  change  adds  a  new  element  to  the  inaccuracies  of 
the  compass ;  since  the  Pearings  of  any  line  taken  on  the  same 
day,  at  a  few  hours  interval,  might  vary  a  quarter  of  a  degree, 
which  would  cause  a  deviation  of  the  end  of  the  line,  amounting  to 
nearly  half  a  link  at  the  end  of  a  chain,  and  to  35  links,  or  23 
feet,  at  the  end  of  a  mile.  The  hour  of  the  day  at  ■which  any 
important  Bearing  is  taken  should  therefore  be  noted. 

•  A  similar  but  sinallei'  incnemeiil  ;akea  piaca  during  the  night. 
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(316)  Tbc  Annual  change.  If  the  observations  bo  contimied 
throughout  an  entire  year,  it  will  he  found  tliat  the  Diurnal  changea 
vary  with  the  seaaona,  being  about  twice  as  great  in  Summer  as  in 
Winter.  The  period  of  this  change  being  a  year,  it  is  called  tii» 
Annual  Variation. 

(317)  Th€  Secular  c&angCi  When  accurate  observationa  on 
the  Variation  of  the  needle  in  the  same  place  are  continued  for 
several  yeara,  it  ia  found  tliai  there  is  a  conlanual  and  tolerably 
regular  increase  or  decrease  of  the  Variation,  continiung  to  pro- 
ceed in  the  same  direction  for  eo  long  a  period,  that  it  may  be 
called  the  Secular  change  of  Variation.* 

The  most  ancient  observations  ai-e  those  taken  in  Paris.  In  the 
year  1541  the  needle  pointed  7°  East  of  North ;  in  1580  the  Vari- 
ation had  increased  to  11^°  East,  being  its  maximum ;  the  needle 
then  began  to  move  Westward,  and  in  1666,  it  had  returned  to  the 
Meridian;  the  Variation  then  became  West,  and  continued  to 
increase  till  in  1814  it  attained  its  maximum,  being  22°  34'  West 
of  North.  It  is  now  decreasing,  and  in  1853  was  20°  17'  W.  In 
London,  the  Variation  in  1576  was  11"  15'  E.;  in  1662,  0°;  in 
1700,  9°  40'  W. ;  m  1778,  22°  11'  W. ;  in  1815,  24°  27'  W.  ; 
and  m  1843,  23°  8'  W. 

In  this  country  the  north  end  of  the  needle  was  moving  East' 
ward  at  tho  earhest  recorded  observations,  and  continued  to  do  so 
till  about  the  year  1810  (variously  recorded  as  from  1793  to 
1819),  when  it  began  to  move  Westward  which  it  has  ever  since 
contiaued  to  do.  Thus,  in  Boston,  from  1708  to  1807  the  Varia 
tion  changed  from  9°  W.  to  6°  5'  W.,  and  from  1807  to  1840,  i^ 
changed  from  6°  5'  W.  to  9°  18'  W. 

Valuable  Tables  of  the  Secular  changes  of  the  Variation  in  van 
0U3  parts  of  tho  United  States  have  been  published  by  Prof.  Loomia 
m  Silliman's  "American  Journal  of  Science,"  Vol.  34,  July,  1838, 
p.  301;  Vol.  39,  Oct.  1840,  p.  42;  and  Vol.  43,  Oct.  1842, 
p.  107.  An  abstract  of  the  moat  rehable  of  thera  is  here  given. 
Xroy  and  Schenectady  are  from  other  sources. 
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Clianges  in  the  Variation. 


ANNUAL 

PLACE. 

LATITUDE. 

LONGITUDE. 

DATES. 

MOTION. 

Burlington,  Vt. 

440  27' 

73°  10' 

1811...1834 

4'.4 

Chestepfieia,  N.  H. 

420  63' 

72°  20' 

1820...1836 

6'.4 

Deerfield,  Mass. 

420  34' 

72°  29' 

1811...1837 

6'.7 

Cambridge,  Mass. 

iSP  22' 

71»    7' 

I810...1840 

3'.4 

New-Haven,  Conn. 

410  18' 

T2°  58' 

1819...1840 

4'.6 

KeeseviOe,  N.  Y. 

440  28' 

73°  32' 

1825...1838 

6'.4 

Albanj,  N.  Y. 

42»  39' 

73°  46' 

1818...1842 
1842...1864 

8'.8 
4'.9 

IrOT,  H.  Y. 

420  44, 

73°  40' 

1821...1837 

6'.2 

Sclienectadj,  N.  Y. 

42°  49' 

78°  55' 

1829...1841 
1841...1854 

7'.2 
6'.0 

New- York  City. 

400  43' 

74°  01' 

1824...1837 

3'.7 

Philadelphia. 

390  57' 

76°  11' 

1813...1837 

3'.6 

SClledgeTille,  Ga. 

33»    7' 

83°  20' 

1806...1835 

1'.7 

MoMle,  AJa. 

30=  40' 

88°  11' 

1809...1835 

2'.2 

Cleveland,  0. 

41°  30' 

81°  46' 

1826...1838 

4'.6 

Marietta,  0. 

390  25' 

81°  26' 

1810...1S88 

2'.4 

Cincinnati,  0. 

39°    6' 

84°  27' 

1825...1840 

2'.0 

Detroit,  Mich. 

420  24' 

82°  68 

1822...1840 

4'.3 

Alton,  III. 

380  52' 

90°  12' 

1836...1840 

3'.0 

From  these  and  other  observations  it  appears  that  at  pi-eaent  the 
lines  of  equal  variation  are  moving  "Westward,  producing  am  annual 
change  of  variation  (increasing  the  Westerly  and  lessening  the 
Easterly)  which  ia  different  in  different  parts  of  the  country,  and 
13  about  iive  or  aix  minutes  in  the  North-Eastern  States,  three  or 
four  minutes  in  the  Middle  States,  and  two  mumtes  in  the  Southern 


C3!8)    Betcrmiaatiosi  of  the  dian^c,  by  Ii!tcrp»lat!<in.    To 

determine  the  change  at  any  place  amd  for  any  interval  not  found 
in  the  recorded  observations,  an  approximation,  sufBcient  for  moat 
purposes  of  the  surveyor,  may  be  obtained  by  interpolation  (by  a 
simple  proportion)  between  the  places  given  in  tiie  Tables,  assum- 
ing the  movements  to  have  been  uniform  between  the  given  dates ; 
and  also  assuming  the  change  at  any  place  not  found  in  the  Tablea, 
to  have  been  mtermediate  between  those  of  the  lines  of  equal  varia- 
tion, which  pass  through  the  places  of  recorded  observations  on 
each  side  of  it,  and  to  have  been  in  the  ratio  of  its  respective  dis- 
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tances  from  those  two  lines ;  for  example,  taldng  their  arithmetical 
mean,  if  the  reqiiired  place  is  midivaj  between  them ;  if  it  be  twice 
aa  near  one  as  the  other,  dividing  the  sum  of  twice  the  change  of 
the  nearest  line,  and  once  the  change  of  tho  other,  by  three ;  and 
so  in  other  cases;  i.  e.  giving  the  change  at  each  place,  a  "weight" 
inversely  as  its  distance  from  the  place  at  which  the  change  is  to 
be  found. 


(319)  BctcrmiBatittn  of  the  change,  by  olfi  Hecs.  When 
the  former  Bearing  of  any  old  line,  such  as  a  faim-fence,  &c.  ia 
recorded,  the  change  in  the  Variation  from  the  date  of  the  ori^al 
observation  to  the  present  time  can  be  at  once  fonnd  by  setting  the 
compass  at  one  end  of  the  line  and  sighting  to  the  other.  The 
difference  of  the  two  Bearings  is  the  required  change. 

If  one  end  of  the  old  line  cannot  be  seen  from  the  other,  as  is 
oii\;9n  the  case  when  the  line  is  fixed  only  by  a  "comer"  at  each 
end  of  it,  proceed  thus.  Run  a  line  from  one  corner  with  the  old 
Bearuig  and  with  its  distance.  Measure  the  distance  from  the  end 
of  this  line  to  the  otiier  comer,  to  which  it  will  be  oppisite.  Mul- 
tiply tliia  distance  by  57.3,  and  divide  by  the  length  of  the  line. 
The  quotient  will  be  the  change  of  variation  in  degrees.* 

For  example,  a  line  63  chains  long,  in  1827  had  a  Bearing  of 
North  1°  East.  In  1847  a  trial  Ime  was  run  from  one  end  of  the 
former  line  with  the  same  Bearmg  and  distance,  and  its  other  end 
was  found  to  be  125  links  to  tlie  West  of  the  true  corner.  The 
1,25  X  57.3 


63 


change  of  Variati'sn  was  tlierefore 
Westerly. 


*  Let  AB  be  tliB  oligiaal  line  ;  AO  the  trial  line, 
end  BC  the  dialancB  between  their  extremiliea. 
AB  and  AC  may  be  rejJiai'ded  hs  railii  of  a  circle 
nud  BC  as  a  chord  of  the  arc  which  subteuda  Iheir 

(which  they  will,  nearly,  fov  BniBll  anglee)  we 
nave  this  proportion  ;  Whole  cirifimference  ;  arc 
DC  ; :  38G'  :  BAG  :  or,  2  X  AC  X  3.14ie  :  BC 
i36U=iBAC,v.-keiiceBAO  =  ^    X  57.3 


-  =  10.137  =  1^  S 


;'iy  57.23378. 
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(820)   Effects  of  t&e  Secular  change.     These  ave  exceedingly 
important  in  the  re-survey  of  farms  F^S'  ^"3- 

by  the  Bearings  recorded  m  old 
deeds.  Let  SN  denote  the  direc- 
tion of  tbe  needle  at  the  time  of 
the  original  Survey,  and  S'K'  ita 
direction  at  the  time  of  the  ro-sur- 
vey,  ft  number  of  yeara  later. 
Suppose  the  change  to  have  been 
3°,  the  needle  pointing  so  much 
farther  to  the  west  of  North.  I'lie 
line  SN,  lyhich  before  was  due 
North  and  South  by  the  needle 
will  now  bear  N.  3°  E.  and  S.  3°  W ;  the  line  AE,  which  before 
was  N.  40°  E.  will  now  bear  N.  43°  E ;  the  line  DF  which  before 
was  N.  40°  W.  will  now  bear  N.  37°  W;  and  the  line  WE,  wliich 
before  was  due  East  and  "West,  will  now  bear  S.  87°  E,  and  N. 
87°  W.  Any  hne  is  similarly  changed.  The  proof  of  this  is  appa- 
rent on  inspecting  the  figure. 

Suppose  now  that  a  surveyor,  ignorant  or  neglectful  of  this 
change,  should  attempt  to  run  out  a  ^'S-  -i"- 

farm  by  the  old  Eearmgs  of  the 
deed,  none  of  the  old  fences  or  cor- 
ners temaining.  The  full  lines  in 
the  figure  represent  the  ori^nal 
bounds  of  the  farm,  and  the  dotted  ' 
Imes  those  of  the  new  piece  of  land 
which,  starting  from  A,  he  would 
unwittingly  run  out.  It  would  be  of 
the  same  size  and  the  same  shape  as 
the  true  one,  but  it  would  be  in  the 
wrong  place.  None  of  lia  lines 
would  agree  with  the  trua  ones,  and 
in  some  places  it  would  encroach  on 
one  neighbor,  and  in  other  places 

would  leave  a  gore  which  belongs  to  it,  between  itself  and  anoflieif 
neighbor.  Yet  this  is  often  done,  and  is  the  source  of  a  great  part 
of  the  litij2;ation  among  farmers  respecting  their  "Jiues." 
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(321)  To  run  out  old  lines,  To  succeed  in  retracing  old 
lines,  proper  allowance  must  be  made  for  the  change  in  the  varia- 
tion  since  the  date  of  the  original  surrey.  That  date  must  firat 
he  accurately  ascertained ;  for  the  survey  may  he  much  older  than 
the  deed,  into  which  Its  bearings  may  have  been  copied  from  an 
older  one.  The  amount  and  direction  of  the  change  is  then  to  he 
ascertained  hy  the  methods  of  Arts.  (318)  or  (319).  The  hear- 
inga  may  then  be  corrected  by  the  following  Rules. 

Wlen  the  Nordi  end  of  the  needle  ]ias  been  moving  Westerly, 
(as  it  has  for  about  forty  years),  the  present  Bearings  will  be  the 
sums  of  the  change  and  the  old  Bearings  which  were  North-East- 
erly  or  South-Westerly,  and  tJie  differences  of  the  change  and 
the  old  Bearings  which  were  North- Westerly  or  South-Easterly. 

If  the  change  have  been  Easterly,  reverse  the  preceding  rules, 
subtracting  where  it  is  directed  to  add,  and  adding  ^vhere  it  is 
directed  to  subtract. 

Kun  out  the  lines  with  the  Bearings  thus  corrected. 

It  will  be  noticed  that  the  process  is  precisely  the  reverse  of 
that  in  Art.  (311)-  The  rules  there  ^ven  in  more  detail,  may 
therefore  he  used ;  Rule  1,  "  when  the  Variation  is  West,"  being 
employed  when  the  change  has  been  a  movement  of  the  N.  end 
of  tlie  needle  to  the  East ;  and  Kulb  2,  "  when  the  Variation  ia 
East,"  being  employed  when  flie  N.  end  of  the  needle  has  been 
moving  to  the  West, 

If  the  compass  has  a  Vernier,  it  can  be  set  for  the  change,  once 
for  all,  precisely  as  directed  in  Art.  (312),  and  then  the  courses 
can  be  run  out  as  given  in  the  deed,  the  correction  being  made  by 
the  h 


(322)  Example.  The  followmg  is  a  remarkable  ease  which 
recently  came  before  the  Supreme  Court  of  New-York.  The 
North  line  of  a  large  Estate  waa  fixed  by  a  royal  grant,  dated  in 
1704,  as  a  due  East  and  West  line.  It  was  run  out  in  1715, 
by  a  surveyor,  whom  iVe  will  call  Mr.  A.  It  was  again  surveyed 
in  1765,  hj  Mr.  E.  who  ran  a  course  N.  87°  SO'  E.  It  was  run 
out  for  a  third  time  in  1789,  by  Mr.  C.  who  adopted  the  course 
N.  86=  18'  E.     In  1845  it  was  surveyed  for  the  fourtb  time  by 
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the  variation  at  the  desired  place 

In  1716, 

Variatio 

n  80  02-  West. 

In  1766, 

6°  32'      « 

In  1789, 

" 

50  05'     " 

In  1845, 

" 

7o  23'      " 

cnAP.  Tin.]  C&angcs  in  Ihe  Variation.  209 

Mr.  D.  witfi  a  coui-ae  of  N.  88°  30'  E.  He  found  old  "  corners," 
and  "  blaaes"  of  aformer  survey,  on  hia  line.  They  are  also  found 
on  another  line,  South  of  his.  Which  of  the  preceding  courses 
were  correct,  and  where  does  the  true  line  lie  ? 

The  question  was  investigated  as  follows.  Tliere  were  no  old 
records  of  variation  at  the  precise  locality,  but  it  lies  between  the 
lines  of  equal  variation  which  pass  through  New-Tork  and  Boston, 
its  distance  from  the  Boston  line  being  about  twice  its  distance  from 

the  New-York  line.  The  records  of  those  two  cities  (referred  to 
in  Art.  (317))  could  therefore  be  used  in  the  manner  explained 
in  Art.  (318).  For  the  lat«r  dates,  observations  at  New-Haven 
could  serve  as  a  check.  Combining  all  these,  tlie  author  bferred 
to  have  been  as  follows : 

Decrease  since  1715,  2°  30'. 

Decrease  since  1765,  0°  27'. 

Increase  since  1Y89,  ^°  18'. 
We  are  now  ppepai'ed  to  examine  the  correctness  of  the  allowances 
made  by  the  old  surveyors. 

The  couree  run  by  Mr.  B.  in  1765,  N.  87'=  30'  E.  made  an 
allowance  of  2^  30'  as  the  decrease  of  variation,  agi'ceing  precisely 
wife  our  calculation.  The  course  of  Mr.  C.  in  1789,  N.  86°  18' 
E.,  allowed  a  change  of  1°  12',  wh\ch  was  wrong  by  our  calcula- 
tion, which  gives  only  about  27',  and  was  deduced  from  three  dif- 
ferent records.  Mr.  D.  in  1845,  ran  a  course  of  N.  SS^'  30'  E, 
calling  the  increase  of  variation  since  1789, 2=>  12'.  Our  estimate 
was  2°  18',  the  difference  bemg  comparatively  small.  Our  con- 
clusion then  is  this :  the  second  surveyor  retraced  coi-rectly  the  Ime 
of  the  first :  the  third  surveyor  ran  out  a  new  and  incorrect  line :  and 
tlie  fourth  surveyor  correctly  retraced  the  line  of  the  third,  and  found 
his  marks,  but  this  line  was  wrong  originally  aad  therefore  wrong 
DOW.  AU  the  survejora  ran  tiieir  lines  on  the  supposition  that  tiie 
ori^al  "  due  East  and  West  line"  meant  East  aai^  West  as  tlie 
needle  pointed  at  the  time  of  the  original  survey. 

The  preponderance  of  the  testimony  as  to  old  land  marks  agi-eed 
with  the  resulta  of  the  above  reasoning,  and  the  decision  of  tiw 
court  was  in  accordance  therewith. 
14 
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In  tlie  above  figure  the  horizontal  and  vertical  lines  represent 
true  East  and  North  lines ;  and  the  two  upper  lines  running  from  left 
to  right  represent  tho  two  lines  set  out  by  the  surveyors  and  in  the 
years  tl  1 


onlj 

lU 

this. 

M 

ts 


to 


each     d  L  y  y  o        „ 

compass  by  this  line,  at  least  once  in  each  year.  This  he  could 
do  as  easily  as  in  taJiing  the  Bearing  of  a  fence,  by  setting  his 
instrument  on  one  monument,  and  sighting  to  a  staff  held  on  the  other. 
Let  the  variation  thus  ascertained  be  inserted  in  the  notes  of  the 
survey  and  recorded  in  the  deed.  Another  surveyor,  years  or 
centuries  afterwards,  could  test  his  comjiass  fay  talcing  the  Bearing 
of  the  same  monuments,  and  the  difference  between  this  and  the 
former  Bearing  would  be  the  change  of  variation.  He  could  thus 
determine  with  entire  certtunty  the  proper  allowance  to  be  made 
(as  in  Art.  (321))  in  order  to  retrace  the  original  line,  no  matter 
how  much,  or  how  irregularly,  the  variation  may  have  changed,  or 
how  badly  adjusted  was  the  compass  of  the  original  survey.  Any 
permanent  line  employed  in  the  same  manner  aa  the  meridian  line, 
would  answer  the  same  purpose,  though  less  conveniently,  and  every 
surveyor  should  have  such  a  line  at  least,  for  Ins  own  use." 

*  I'hia  remedy  eaema  lo  have  bsen  fii-at  snggeateJ  by  Eitlenfcouse,  It  hsa  Biiica 
beenrecomraeiiiled  by  T.  Sop  with,  in  1832;  byB,  F.  Johnson,  m  1B31,  and  by 
W,  Roberts,  of  Troy,  in  1839.  Tiie  erroi'S  of  re-surveya,  iii  which  liie  chniist 
J3  negleciecl.ivere  noliccd  in  the  "  FhilosophicalTraii  sac  lions,"  OS  long  ago  aa  1679 
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PAKT  IV. 

TRANSIT  AND  THEODOLITE  SURVEYING; 

By  the  Third  Method. 


THE  mSTOBMESI'S. 
(321)  The  Trakstt  and  The  Theodolite  (figures  of  which  ai-e 
given  on  tlie  next  two  pages)  are  Goniometers,  or  Augle-Measni'ers. 
Each  consists,  essentially,  of  a  circular  plate  of  metal,  supported  in 
Buch  a  manner  as  to  be  horizontal,  and  divided  on  its  outer  circum- 
ference into  degrees,  and  parts  of  degrees.  Through  the  centre  of 
this  plate  passes  an  upright  axis,  and  on  it  is  fixed  a  second  circu- 
sx  plate,  Tvhich  nearly  touches  the  first  plate,  and  can  tarn  freely 
around  to  the  right  and  to  the  left.  This  second  plate  carries  a 
Telescope,  which  rests  on  upright  standards  firmly  fixed  to  the 
plate,  and  which  can  be  pointed  upwards  and  doivnwards.  By 
the  combination  of  this  motion  and  that  of  the  second  plate  around 
its  axis,  the  Telescope  can  be  directed  to  any  object.  The  second 
plate  has  some  mark  on  its  edge,  such  as  an  arrow-head,  which 
serves  as  a  pointer  or  index  for  the  divided  circle,  like  the  hand  of 
a  cloolc.  When  the  Telescope  is  directed  to  one  object,  and  then 
turned  to  the  right  or  to  the  left,  to  some  otiier  object,  this  index, 
whicli  moves  with  it  and  passes  around  the  divided  edge  of  tlia 
other  plate,  points  out  the  arc  passed  over  by  this  change  of  direc- 
tion, and  thus  measures  tlie  angle  made  by  the  lines  imagined  to 
pass  from  the  centre  of  the  instrument  to  the  two  objects. 
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THE  TRANSIT. 
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(325)  Disifnctiail.  The  preceding  deacription  applies  to  both 
the  Transit  and  the  Theodolite.  But  an  essential  differeiico 
between  them  is,  that  in  the  Transit  the  Telescope  can  turn  com 
pletely  over,  so  as  to  look  both  forward  and  backward,  while  in 
the  Theodolite  it  cannot  do  so.     Hence  the  name  of  the  Transit.* 

This  capability  of  reversal  enables  a  straight  Ime  to  be  prolonged 
from  one  end  of  it,  or  to  be  ranged  out  in  both  directions  from  any 
one  point.    The  Telescope  of  the  Theodoilts  can  indeed  be  taken 

out  of  the  Y  shaped  suppoi'te  in  wliieb  it  rests,  and  be  replaced 
end  for  end,  but  this  operation  is  an  imperfect  substitute  for  the 
revolution  of  the  Telescope  of  the  Transit.  So  also  is  the  turning 
half  way  around  of  the  upper  plate  which  carries  tlie  Telescope. 

The  Theodolite  has  a  level  attached  to  its  Telescope,  and  a  vertical 
circle  for  measurmg  vertical  angles.  The  Transit  does  not  usually 
have  these,  though  they  ane  sometunes  added  to  it.  The  instru- 
ment may  then  be  named  a  Ti  ansit-Theodolite.  It  then  corre- 
sponds to  the  altitude  and  azimuth  mstniment  of  Asti'oaomy.  As 
the  greater  pait  of  the  points  to  be  explained  are  commoQ  to  both 
the  Transit  and  the  Theodolite,  the  descriptions  to  be  given  may 
be  regai'ded  as  appbcable  to  eithei  of  the  instruments,  except  when 
the  contrary  is  expressly  stated,  and  some  point  peculiar  to  either 
is  noticed. 

(336)  The  great  value  of  these  instruments,  and  the  accuracy 
of  their  measurements  of  angles  are  due  chiefly  to  two  things ;  to 
the  Telescope,  by  which  great  precision  in  sighting  to  a  point  is 
obtained ;  and  to  the  Vernier  Scale,  which  enables  minute  portions 
of  any  arc  to  be  read  with  ease  and  correctness.  The  former 
assists  the  eye  in  directing  the  line  of  sight,  and  the  latter  aids  it 
in  reading  off  the  results.  Arrangements  for  giving  alow  and 
steady  motion  to  the  movable  parts  of  the  instruments  add  to  the 
value  of  tbe  above.  A  contrivance  for  Repeating  the  observation 
of  angles  still  farther  lessens  tte  unavoidable  inaccuracies  of 
these  observations. 

•  It  is  Bometimes  called  the  "  EngineerB'  Transit,"  ■ 
distinguish  it  from  the  Astronomical  TraDsit-ifl  ' 
slmoai  utttirelj  supplanted  tlie  Theodolite. 
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The  inaijcurate  division  of  the  limb  of  the  iastrument  is  also 
averaged  and  thus  diminished  by  the  last  arrangement.  Its  ivant 
of  true  "  centring,"  is  remedied  bj  reading  off  on  opposite  sides 
of  the  circle. 

Imperfections  m  the  parallelism  and  perpendicularity  of  the  parts 
of  the  instrument  in  which  those  qualities  are  required,  are  coi'- 
rected  by   various    "  adjustments,"   made  by  tlie  vsirloua  screws 

The  arrangements  for  attaning  all  these  objects  render  necessary 
the  numerous  parts  and  apparent  complication  of  the  instrument. 
But  this  complication  disappears  when  each  part  is  examined  in 
tui'n,  and  ifa  uaea  and  relations  to  the  rest  are  distinctly  indicated. 
Thb  we  now  propose  to  do,  after  explaining  the  engravings. 


(32T)  In  the  figures  of  the  instruments,  ^ven  on  pages  212  and 
213,  the  same  letters  refer  to  both  figures,  so  far  as  the  parts  are 
common  to  botli.'  L  is  the  limb  or  divided  ciicle  V  is  the 
index,  or  "Vernier,"  which  moves  around  it.  In  the  Tiansit,  only 
a  small  portion  of  tbe  divided  limb  is  seen,  tbe  upper  cnde  (ivhich 
in  it  ia  the  movable  one)  eovenng  it  completelv,  s)  that  only  a 
short  piece  of  the  arc  is  visible  through  an  openmg  in  the  upper 
plate.  S,  S,  are  standards,  fastened  to  the  uppei  plate  and  sup- 
porting the  telescope,  EO.  G  is  a  compasa-bot,  also  fastened  to 
the  upper  plate,  c  is  a  clamp-screw,  which  presses  togethei  the  two 
plates,  and  prevents  one  from  moving  over  the  othei  i  is  a  tangent- 
screw,  or  slow-motion  screw,  which  gives  a  slow  and  gentle  motion 
to  one  plate  over  the  other.  C  is  a  clamp-screw  whioh  fastens  the 
lower  plate  to  the  body  of  the  instrument,  and  thus  prevents  it  from 
moving  on  its  own  axis.  1  is  the  tangent^serew  to  give  this  part  a 
slow-motion.  P  and  P'  are  pai-allel  plates  through  which  pass  four 
screws,  Q,  Q,  Q,  Q,    by  which  the  circular  plate  L  is  made  level, 

'  The  arraiigemeiila  of  these  instrumenls  ove  (liffevently  made  by  elmoat  every 
make!';  bni  any  farm  of  them  being  thorouglily  understood,  any  new  one  will 
cause  no  diffiuulty.  The  figure  of  the  Transit  was  drawn  from  one  made  by  W. 
&  L.  B.  Gnrlej,  of  Tro;r,  H,  Y.  to  the  latter  of  whom  the  Anihor  ia  indebted  foi 
Home  valuable  infoiTUBtion  respecting  the  details  of  tlie  iusirumeiit.  The  Tbeodo 
litB  is  of  the  favorite  Bngliah  form. 
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aa  deteimiiied  by  the  bubbles  in  tlie  small  spirit  levels,  B,  B,  of 
whiLh  theie  are  two  at  right  angles  to  each  other. 

In  the  figure  of  the  Theodolite,  the  large  level  b,  and  the  semi- 
ciitle  NN  are  for  the  purposes  of  Levelling,  and  of  measuring 
Veitical  angles.     They  will  therefore  not  Tie  described  in  this  place- 

(32§)  As  the  nlue  of  eithei  of  these  mstramentg  depGndb 
gieitly  on  the  iccuiate  fitbng  and  beairngs  of  the  tno  concentiic 
^eitieal  aj.es,  and  as  their  connection  ought  tobe  thoioughlyundei- 
stood,  a  verticiJ  section  thiough  the  body  of  tiie  instiument  la 
given  m  !Fig  214,  to  hilf  the  leal  size      The  tapeiing  spindle  or 

FliJ  314 


inverted  frustum  of  a  cone,  marked  AA,  supports  the  upper  plate 
BE,  which  carries  the  index,  or  Verniers,  V,  V,  and  the  Telescope. 
The  whole  bearing  of  this  plate  is  at  0,  C,  on  the  top  of  the  hollow 
ukverted  cone  EE,  in  which  the  spindle  turns  freely,  but  steadily. 
This  interior  position  of  the  bearings  pi-esei-ves  them  from  dust 
and  injury.  This  hollow  cone  carries  the  lower  or  graduated  plate, 
and  it  can  itself  turn  around  on  tlie  bearings  D,  D,  can-ying  with  it 
Ihe  lower  circle,  and  also  the  upper  one  and  all  above  it. 

The  Vernier  scales  V,  V,  are  attached  to  the  upper  platfl,  but 
lie  in  the  same  plane  aa  the  divisions  L,  L,  of  the  lower  plate,  (so 
that  the  two  can  be  viewed  together,  without  parallax,)  and  are 
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covered  with  glass,  to  exclude  dust  and  moisture.  In  Pi^.  gis 
the  figure  the  hatcbmga  are  drawn  in  diEFerent  directions  t*"^^ 
on  the  pivrta  which  move  with  tlie  Vernier,  and  on 
those  which  move  only  witJi  the  limb. 


(329)  'flic  Telescope.  This  is  a  comhinalioQ  of 
lenses,  placed  in  a  tube,  and  so  arranged,  in  aoeordauce 
with  the  laws  of  optical  science,  that  an  image  of  any 
object  to  which  the  Telescope  may  he  directed,  is  formed 
withm  the  tube,  (by  the  rays  of  light  coming  from 
the  object  and  beijt  in  passing  through  the  object-glass) 
and  there  magnified  by  an  Eye-glass,  or  Eye-piece,  com- 
posed of  several  lenses.  The  arrangement  of  these  lenses 
are  very  vaiious.  Those  two  combinations  which  are  pre- 
ferred for  surveying  instruments,  will  be  here  explained. 

Kg,  215  represents  a  Telescope  which  inverts  objects. 
Any  object'  is  rendered  visible  by  every  pomt  of  it  send- 
ing forth  rays  of  hght  in  every  tfoeetion.  In  this  figure, 
the  highest  and  lowest  points  of  the  object,  which  here  ia 
an  arrow,  A,  are  alone  considered.  Those  of  the  rays 
proceeding  from  them,  which  meet  the  object-glass,  0, 
form  a  cone.  The  centre  line  of  eafih  cone,  and  its  ex- 
treme upper  and  lower  imes  are  alone  shown  in  the 
figure.  It  will  be  seen  that  these  rays,  after  passing 
through  the  object-glass,  are  refracted,  or  bent,  by  it, 
so  as  to  cross  one  another,  and  thus  to  form  at  B  an 
inverted  image  of  the  object.  This  would  be  rendered 
visible,  if  a  pieco  of  ground  glass,  or  other  semi-transpa- 
rent snbstance,  was  placed  at  the  point  E,  which  is  called 
the /onus  of  the  object-glass.  The  rays  which  form  this 
image  contmuo  onward  and  pass  through  the  two  lenses 
0  and  Dj  wluch  a«t  like  one  magnifying  glass,  so  that 
the  rays,  after  being  refracted  by  them,  enter  the  eye 
at  such  angles  as  bj  form  there  a  magnified  and  invert- 
ed image  of  the  object.  This  combination  of  the  two 
plano-convex  lenses,  C  and  J>,  is  known  as  "  Ramaden's 
Eye-piece." 
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This  Telescope,  inverting  objects,  atows  them  upside  [,..^^  n,,, 
down,  and  the  riglit  side  on  the  left.  Thev  can  be 
shown  erect  by  adding  one  or  two  more  lenses  as  in  the 
marginal  figure.  But  as  these  lenses  absorb  light  and  les- 
sen the  distinctness  of  vision,  the  former  alTangement  is 
preferable  for  the  glasses  of  a  Transit  or  a  Theodolite. 
A  little  practice  mates  it  equally  convenient  for  the 
observer,  who  soon  fcecomes  a«cusbmeii  io  seeing  his 
Sagmen  standing  on  their  heads,  and  soon  learns  to 
motion  them  to  the  right  when  he  wishes  them  to  go  to 
the  left,  and  vice  versa. 

Figure  216  represents  a  Telescope  ivhicli  shows  ol 
jects  erect.  Its  eje-piece  has  four  lenses.  The  eye- 
piece of  the  common  terrestrial  Telescope,  or  spy  glasa, 
has  tiiree. .  Many  other  combinations  may  be  used,  all 
intended  to  show  the  object  achromatically,  or  fiee  fiom 
false  colorin",  but  the  one  here  shown  is  that  most  gene- 
rally i  f  1  tth  p  td  y  It  111  th  t 
an  in  tlung  fth  IjtA  fmltB 
befoi      b  t  th  t  th        y          t                       I 
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(3S0)  Cross-liairs.  Since  a  considerable  field  ot 
view  is  seen  in  looking  through  the  Telescope,  it  is 
necessary  to  provide  means  for  directing  the  lino  ol  sij^ht 
t»  the  precise  pomt  which  is  to  be  observed  This 
oould  be  effected  by  placing  a  very  fine  point,  such  as 
that  of  a  needle,  within  the  Telescope,  at  some  place 
where  it  could  be  dbtinctly  seen.  In  practice  this  fine 
point  is  obtained  bj  the  intersection  of  two  very  fine 
Lines,  placed  in  the  common /o an s  of  the  object-glasd  and 
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ot  the  eye-piece.  These  lines  are  called  the  eross-Jtairs,  or  woes- 
wires.  Ttieir  intersection  can  be  seen  through  the  eye-piece,  at 
the  stune  time,  and  apparently  at  the  same  place,  as  the  image  of  the 
distant  object.  The  magnifying  powers  of  the  eye-piece  will  then  de- 
tect the  alighteat  deviation  from  perfect  coincidence.  "  This  appHcar 
tion  of  the  Telescope  may  be  considered  as  completely  annihilat- 
ing that  part  of  the  error  of  observation  nhich  might  otherwise 
arise  from  an  erroneous  estimation  of  the  direelion  in  ■which  an 
object  lies  from  the  observer's  eye,  or  from  the  centre  of  the  instru- 
ment. It  is,  in  fact,  the  grand  source  of  all  the  precision  of  modern 
Astronomy,  without  which  ali  other  refinements  in  instrumental  work- 
manship would  be  thrown  away."  'What  Sir  John  Hersche!  here 
says  of  its  utility  to  Astronomy,  is  equally  applicable  to  Surveying. 

The  ima^nary  line  which  passes  through  the  intersection  of  the 
cross-hairs  and  the  optical  centre  of  the  object-glass,  is  called  the 
lins  of  eolUmaUon  of  the  Telescope.* 

The  cross-hairs  are  attached  to  a  ring,  or  short  thick  tube  of 
brass,  placed  withm  the  Tele-  f^„  n^ 

scope  tube,  thiough  holes  m 
which  pass  loosely  foui  screws, 
(their  heads  being  seen  at  a, 
a,  a,  in  Jigs  212  and  213), 
whose  threads  enter  ind  talie 
hold  of  the  img,  behind  or  m 
front  of  the  cioas-hair^  as 
shown  (in  fiont  \kv,  ind  m 
section)  in  the  two  figuies  m 
the  margin.     Their 


wdl  be  explained 
Usually,  one  ciosshan  is  honzontal,  and  tin 
other  vertical,  as  in  Fig  217,  but  sometunes  tliey 
are  arranged  as  m  Fig  21**,  which  is  thought  to 
enable  the  object  to  be  bisected  with  moie  preci- 
sion,    A  hoiizont  J  hail  is  sometimes  added 

The  ci-os8-haii8  are  be^st  made  of  platmum  wne, 
draivn  out  very  fine  by  being  previously  enclosed 


The  line  ef  aim  woaW  e: 
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in  a  larger  mre  of  silver,  aiicl  the  silver  then  removed  by  nitric 
acid.  Silk  threads  from  a  cocoon  are  sometimea  used.  Spiders' 
threads  are,  however,  the  most  usual.  If  a  crosa-liair  is  broken, 
the  ring  muafc  he  taken  out  hy  removing  two  opposite  screws,  and 
inserting  a  wire  with  a  screw  cut  on  its  end,  or  a  stick  of  suitable 
size,  into  one  of  the  holes  thus  left  open  in  the  ring,  it  being  turned 
sideways  for  that  purpose,  and  then  removing  tlie  other  screws 
The  Bpider's  threads  are  then  stretched  aoro^  the  notches  Been  in 
the  end  of  the  ring,  and  are  fastened  hj  gum,  or  varnish,  or  bees- 
wax. The  operation  is  a  very  delicate  one.  The  following  plan  has 
been  employed.  A  piece  of  wire  is  bent,  as  in  the  figure,  so  as  to 
leave  an  opening  a  little  wider  than  the  v;^.  219. 

ring  of  the  cross-hairs.  A  cobweb  is  cho-  (^^f  l\/\/\A/\/j 
Ben,  at  the  end  of  which  a  spider  is  hang- 
ing, and  it  is  wound  around  the  bent  wire, 
as  in  tlie  figure,  the  weight  of  the  insect 
keeping  it  tight  and  stretching  it  ready  for  use,  each  part  being 
made  fast  by  gum,  fee,  "When  a  croSs-hair  is  wanted,  one  of 
these  is  laid  across  the  ring  and  there  attached.  Another  metliod 
is  to  draw  the  thread  out  of  the  spider,  persuading  him  to  spin,  if 
he  sulks,  by  tossing  him  from  hand  to  hand.  A  stock  of  such 
threads  must  be  obtained  in  warm  weather  for  the  winter's  wants. 
A  piece  of  thin  glass,  with  a  horizontal  and  a  vertical  line  etched 
on  it,  may  be  made  a  substitute. 

(331)  Instrnmental  Parallax.  This  is  an  apparent  movemeni 
of  the  cross-hairs  about  the  object  to  which  the  line  of  sight  is 
directed,  taking  place  on  any  slight  movement  of  the  eye  of  the 
observer.  It  is  caused  by  the  image  and  the  cross-haii-s  not  being 
precisely  in  the  common  focus,  or  point  of  distinct  vision  of  the 
eye-piece  and  the  object  glass.  To  correct  it,  move  the  eye-piece 
out  or  in  till  the  crosa-haira  are  seen  clearly  and  sharply  defined 
againet  any  white  object.  Then  move  the  object  glass  in  or  out 
till  the  object  is  also  distinctly  seen.  The  cross-hairs  will  then 
seem  to  be  fixed  to  the  object,  and  no  movement  of  the  eye  wil] 
cause  them  to  appear  to  change  their  place. 
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(332)  The  milled-headed  screw  seen  at  M,  passing  into  the  tele 
Bcope  has  a  pinion  at  its  other  end  entering  a         Fig.  Hao. 
toothed  rack,  and  is  used  to  move  the  object  glass,   Wu^jvjA^rw 
0,  out  and  in,  aecorilirig  as  tlie  object  looked  at  is  %aS^ 
nearer  or  farther  than  the  one  laSt  observed.     Short  distances 
require  a  long  tube :  long  rlistanees  a  short  tube. 

The  eye-piece,  E,  is  usually  moved  in  and  out  hj  hand,  but  a 
similar  arrangement  to  tLe  preceding  ia  a  great  improvement.  This 
movement  is  necessary  in  order  to  obtain  a  distinct  view  of  the 
•eross-hairs.  Sbort^^ghted  persons  require  the-  eye-piece  to  be 
pushed  farther  in  than  persona  of  ordmary  sight,  and  old  or  long- 
sighted persons  to  have  it  drawn  further  out. 

(333)  SuppartSi  The  Telescope  of  the  !Pi-angit  is  supported 
by  a  hollow  axis  at  right  angles  to  it,  which  itself  rests  at  each  end, 
on  two  opright  pieces,  or  standards,  spreadmg  at  their  bases  so  as 
to  increase  tlieir  stability.  In  the  Theodolite,  the  telescope  reats 
at  each  end  in  forked  supports,  called  Y^,  from  their  shape. 
These  ys  are  themselves  8upport«a  by  a  cress-bar,  which  is  car- 
ried by  an  axis  at  right  angles  to  it  and  to  the  telescope.  This 
axis  resta  on  standards  similar  to  those  of  the  Ti'ansit.  The  Tele- 
scope of  the  Theodolite  can  be  taken  out  of  the  Ys,  and  turned 
"  end  for  end."  This  is  not  usual  in  the  Transit.  Either  of  the 
above  ai-rangements  enables  tiie  Telescope  to  he  raised  or  depressed 
BO  as  to  suit  the  height  of  the  object  to  which  it  is  directed.  A 
telescope  so  disposed  is 'called  a  "  plunging  telescope." 

In  some  instruments  there  is  an  arrangement  for  raising  or  low- 
ering one  end  of  the  axis.  .This  is  sometimes  required  for  reasons 
to  be  given  in  connection  with  "  Adjustments." 

(334)  The  Indexes.  Thesupports,  or  standards,  of  the  telescope 
iusfc  described  are  attached  to  the  upper,  or  index-carrying  oircle.' 
This,  as  has  been  stated,  can  turn  freely  on  the  lower  or  graduated 
circle,  hy  means  of  its  conical  axis  moving  in  the  hollow  conical 
axis  of  the  latter  circle.     This  upper  circle  carries  the  index,  V, 

•  In  somd  iiisiniraeiiia  iljia  circle  is  the  uiidev  niie.    In  our  figures  it  is  tho  uppci 
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•which  is  an  arrow-head  or  other  mark  on  its  edge,  or  the  zero-point  of 
a  Vernier  scale.  There  are  usually  two  of  Hicse,  situated  esaetlj 
opposite  to  each  other,  or  at  the  extremities  of  a  diameter  of  the 
upper  circle,  so  that  the  readings  on  the  graduated  circle  pointed  out 
by  them  differ,  if  hoth  are  correct,  exactly  180°.  The  object  of  thia 
arrangement  is  to  correct  any  error  of  eecentrieity,  arising  from  the 
centre  of  the  axia  which  cai-ries  the  upper  circle,  ^and  with  which  it 
and  its  index  pointers  turn),  not  being  precisely  in  the  centre  of  tlie 
graduated  circle.    In  the  figure,  let  C  Fig^si. 

be  the  true  centre  of  the  graduated  cir- 
cle, hut  C  the  centre  on  which  the  plate 
carrying  the  indexes  turns.  Let  AC'S 
represent  the  direction  of  a  sight  taken 
to  one  object,  and  D'C'E'  the  direction 
when  turned  to  a  second  object.  The 
angle  subtended  by  the  tivo  objects  at 
the  centre  of  the  instrument  is  requir- 
ed. Let  DE  be  a  line  passing  through  C,  and  parallel  to  D'E', 
The  angle  ACD  equals  the  required  angle,  which  is  therefore  ti'uly 
measured  by  the  arc  AD  or  BE.  But  if  the  arc  shown  by  the 
index  is  read,  it  will  bo  AD'  on  one  side,  and  BE'  on  the  other ; 
the  first  being  too  small  by  the  arc  DD'  and  the  other  too  large  by 
the  equal  arc  EE'.  If  however  the  half-sum  of  the  two  arcs  AD' 
and  BE'  be  taken,  it  will  equal  tlie  true  arc,  and  therefore  correctly 
measure  the  angle.  Thus  if  AD'  was  1*^°,  and  BE'  21'^,  their 
half  sum,  20°,  would  he  the  correct  angle 

Three  indexes,  120°  apart,  are  sometimes  u=ed  11  e^  ha^e  the 
advantage  of  ajieriTifiJii;  the  unavoidable  inaccuiicics  ind  mequali 
ties  of  graduation  on  difiercnt  parts  of  tl  e  limb,  and  thus  limm  sh 
jng  their  effect  on  the  resulting  angle.  r  „  ""■' 

Four  were  used  on  the  large  Theodobte  of 
tiie  English  Ordnance  Survey,  two,  A  and  B, 
opposite  to  each  other,  and  two,  C  and  D,  120^ 
from  A  and  from  each  other.  The  half-aum  or 
arithmetical  mean,  of  A  and  B  was  taken,  then  , 
the  meaa  of  A,  C,  and  D,  and  then  the  mean 
of  these  ^wo  means.     But  this  was  wrong,  for 
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it  gave  too  great  valuo  to  the  reading  of  A,  and  also  to  B,  tliough 

in  a  less  degree ;  since  the  share  of  each  Vernier  in  the  final  mean 

was  .as  follows :  A=  5,B  =  3,  C^  2,D  =  2.     This  results  from 

u    '          ■     <■    n.  .                 ,  /A  +  B   ,    A  +  C  +  D\ 
the  expression  tor  that  mean,  =  |  S — -—  + ;^ i  =  Jj 

(5  A  +  3  B  +  2  C  +  2  D). 

(S35)  Tlie  graduated  circle.  This  is  divided  into  three  hun- 
dred and  Axtj  equal  parts,  or  Degi-ees,  aud  ea«h  of  these  is  sub- 
divided into  two  or  three  pai'ta  or  more,  accoiviing  to  the  size  of  the 
iastruraent.  In  the  first  case,  the  smallest  division  on  the  circle  ivill 
of  course  be  30';  in  the  second  case  20'.  More  precise  reading,  to 
angle  minutes  or  even  less,  is  effected  by  means  of  the  Vernier  of 
the  index,  all  the  varieties  of  which  will  be  fully  explained  in  the 
next  chapter.  The  numbers  run  from  0°  around  to  §60'',  which 
number  is  necessarily  at  the  same  point  as  the  0,  or  zero-foint." 
Each  tenth  degree  is  usually  numbered,  each  fifth  degree  is  distin- 
guished by  a  longer  line  of  division,  and  each  degree-division  line 
is  longer  than  those  of  the  sub-divisions.  A  magnifying  glass  is 
needed  for  reading  the  divisions  with  ease.  In  the  Theodolite 
engraving  this  is  shown  at  m.  It  should  be  attached  to  each 
Vernier. 


(33li)  SlavrnicntS.  When  the  line  of  sight  of  the  telescope  is 
directed  to  a  distant  well-defined  point,  the  unaided  hand  of  the 
observer  cannot  move  it  with  sufficient  delicacy  and  precision  to 
make  the  intersection-ef  the-eross  haiis  exactly  cover  or  "bisect" 
that  point.  To  effect  this,  a  clamp,  and  a  Tangent,  or  slow-motion, 
screw  are  required.  This  arrangement,  as  applied  to  the  move- 
ment of  the  upper,  or  Vernier  plate,  consists  of  a  short  piece  of 
brass,  D,  which  is  attached  to  the  Veimei  plate,  and  through 
which  passes  a  long  and  fine-threaded  "  Tangent^creiv,"  t.  The 
other  end  of  this  screw  enters  into  and  carries  the  damp.  This 
consiste  of  two  pieces  of  brass,  which,  by  turaing  the  clamp-screw 
B,. ■which  passes  through  them  on  the  outside,  caa  be  made  to  take 


led  from  0"  to  81 


u  which  tlio  ilogiei 
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hold  of  and  pinch  tightly  the  edge  of  the  lower  circle,  which  liea 
between  them  on  the  inside.  The  upper  circJe  ia  now  prevented 
from  moYing  on  the  lower  one ;  for,  the  tangentrscrew,  passing 
through  hollow  screws  in  both  the  clamp  and  the  piece  D,  keepa 
them  at  a  fixed  distance  apart,  so  that  they  cannot  move  to  or  from 
one  another,  nor  consequently  the  two  circles  to  which  they  are 
respectively  made  fast.  But  when  this  tangeni^crew  is  turned  by 
lis  milled-hedd.  it  gives  the  clamp  and  T\ith  it  the  upper  plate  a 
Bmooth  and  alow  motion,  backward  or  forward,  whence  it  ia  called 
the  "  Slow  motion  screw,"  as  well  as  "  Tangen^screw,"  from  the 
direction  in  which  it  act?.  It  is  always  placed  at  the  south  end 
of  the  compass-bos. 

A  little  different  arrangement  is  employed  to  give  a  similar 
motion  to  tlie  lower  circle  (which  we  have  hitherto  regarded  as 
immovable)  on  the  body  of  the  instrument.  Its  axis  ia  embraced 
by  a  bj-as3  ring,  into  which  enters  another  tangent-screw,  wluch 
also  passe  through  a  piece  fastened  to  the  plate  P.  The  clamp- 
screw,  0,  causes  the  ring  to  pinch  and  liold  immovably  the  axis  of 
the  lower  circle,  while  a  turn  of  the  Tangent-screw,  T,  will  slowly 
move  the  clamp  ling  itself,  and  therefore  with  it  the  lower  circle. 
AVhen  the  clamp  is  loosened,  the  lower  circle,  and  with  it  every 
thing  above  it,  has  a  perfectly  free  motion.  A  recent  improvement 
ia  the  employment  for  this  purpose  of  two  tangent  screws,  pressing 
against  opposite  sides  of  a  piece  projecting  from  the  clamp-ring. 
One  is  tightened  as  the  other  is  loosened,  and  a  very  steady  mo- 
tion ia  thus  obtained. 

(337)  I-cvelS,  Since  the  object  of  the  instrument  is  to  measure 
horizontal  a;nglea,  the  circular  plate  on  which  they  are  measured 
must  itself  be  made  horizontal.  Whether  it  is  so  or  not  is  known 
by  means  of  two  small  levels  placed  on  the  plate  at  right  angles  to 
each  other.  Each  consists  of  a  glass  tube,  slightly  curved  upward 
in  its  middle  and  so  nearly  filled  with  alcohol,  that  only  a  email 
btthble  of  air  is  left  in  the  tube.  This  alwa;;^  rises  to  the  highest 
part  of  the  tubes.  They  are  so  "  adjusted"  (as  will  be  explained 
in  chapter  HI)  that  when  this  bubble  of  air  is  in  the  middle  of 
the  tubes,  or  its  ends  equidistant  from  the  central  mark,  the  p5ato 
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on  which'  thej  arc  fasteaed  sliall  bo  level;  ■which  way  soever  it  may 
be  tamed. 

The  levels  are  represented  in  the  figure  of  the  Transit,  on  page 
212,  as  being  under  the  plate.  They  are  sometimes  placed  above 
it.  In  that  case,  the  Verniers  are  moved  to  one  aide,  between  the 
feet  of  the  standards,  and  one  of  the  levels  is  fixed  between  the 
standards  above  one  of  the  VernierB,  and  tho  other  on  the  plate  at 
the  south  end  of  the  compass-box. 

(338)  Parallel  Flaiest  To  raise  or  lower  either  side  of  the 
circle,  so  as  to  bring  the  hubbies  into  the  centres  of  the  tubes, 
requires  more  gentle  and  steady  movements  than  the  unaided  hands 
can  give,  and  is  attained  by  the  Parallel  Plates  P,  V,  (so  called 
because  they  are  never  parallel  except  by  accident),  and  their 
four  scre'VTa  Q,  Q,  Q,  Q,  which  hold  the  plates  firmly  apart,  and,  by 
!>eing  turned  in  or  out,  raise  or  lower  one  side  or  the  other  of  the 
upper  plate  P',  and  theieby  of  the  graduated  circle.  The  two 
phtea  aie  held  togethei  by  a  ball  and  socket  joint.  '  To  level  the 
instiument  loosen  the  lower  clamp  and  turn  the  circle  till  each 
level  IS  parallel  to  the  veitical  plane  passing  through  a  pair  of 
opposite  icievis  Then  td,li.e  hold  of  two  opposite  screws  and  turn 
thorn  simulfcineouslv  ^n  I  et^ually,  but  in  contrary  directions,  screw- 


§      If 


mg  one  in  inJ  the  othei  oat  as  shown  by  the  aiTows  in  the  figures, 
A  mle  easily  remembered  is  that  both  thumbs  must  turn  in,  or  both 
out.  The  movements  represented  ia  tiie  first  of  these  figures  would 
raise  the  left-hand  side  of  the  circle  aad  lower  the  right-hand  side. 
The  movements  of  the  second  figure  would  produce  the  reverse 
effect.  Care  is  needed  to  turn  the  opposite  screws  equally,  so  that 
they  shall  not  become  so  loose  that  the  instrument  will  rock,  or  so 
tight  as  to  be  cramped.  "Wlien  this  last  occurs,  one  of  the  otlier 
pair  should  be  loosened^ 
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Sometimes  one  of  each  pair  of  the  screws  is  replaced  bya  strong 
spring  against  iThicli  the  remaining  screws  act. 

The  French  aaid  German  instruments  are  naually  supported  by 
only  three  screws.  la  such  cases,  one  level  is  brought  parallel  to 
one  pair  of  screws  aad  levelled  bj  them,  and  the  other  level  has 
its  bubble  brought  to  its  centre  by  the  third  screw.  If  there  is 
only  one  lerel  on  the  instnimentj  it  is  first  brought  parallel  to  one 
pair  of  screws  and  levelled,  and  is  then  turned  one  quarter  around 
80  as  to  be  perpendicular  to  them  and  over  the  third  screw,  and  the 
operation  ia  repeated. 

(339)  Watcll  Telescoi»e.  A  second  Telescope  is  sometimes 
attached  to  the  lower  part  of  the  instrument.  When  a  number  of 
angles  are  to  be  observed  from  any  one  station,  direct  the  upper 
and  principal  Telescope  to  the  first  object,  and  then  direct  the 
lower  one  to  any  other  well-defined  point.  Then  make  all  the 
desired  observations  with  the  upper  Telescope,  and  when  they  ai-e 
finished,  look  again  through  the  lower  one,  to  see  that  it  and  there- 
fore the  divided  circle  has  not  been  moved  by  the  movements  of 
the  Vernier  plate.  The  French  call  this  the  Witness  Telescope, 
(^Lunette  temoin), 

(349)  The  Compass.  Upon  the  upper  plate  is  fixed  a  compass. 
Its  use  has  been  fully  explained  in  Part  III.  It  is  little  used  ia 
connection  with  the  Transit  or  Theodolite,  which  are  so  ii^corapara- 
bly  more  accurate,  except  as  a  "  cheek,"  or  rough  test  of  the 
accuracy  of  the  angles  taken,  which  should  about  equal  the  differ- 
ence of  the  magnetic  bearings.  Its  use  will  be  farther  noticed  in 
Chapter  IV,  on  "  Field  Work." 

iUiy  The  Snrreyor's  Transit.  In  this  instrament  (so 
named  by  its  introducers,  Messrs.  Gurley,  and  shown  iu 
Fig.  224),  the  Vernier-plate,  which  carries  the  standards 
and  telescope,  ia  wider  the  plate  wbieli  carries  the  gi'ad- 
nated  circle,  and  the  compass  is  attached  to  the  latter. 
By  this  arrangement,  when  the  Vernier  is  set  at  any  angle, 
tlie  line  of  sight  of  the  telescope  will  make  that  angle  with 
the  K.  and  8.  lines  of  the  compaas.  Consequently,  this 
instrument  can  be  used  precisely  like  the  Vernier  compass 
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to  allow  for  magnet 
ie  variation,  and  tliu& 
to  ran  out  a  line  with 
true  healings,  as  in  Ait 
(312),  or  to  run  out  old. 
lines,  allowing  for  the 
seenlar  variation,  aa  in 
Art.  (3^1). 

The  instrument  may 
also  be  used  like  the 
common  Engineer's 
Transit.  The  compass, 
however,  will  then  not 
give  the  bearings  of  the 
lines  surveyed,  but  they 
can  easily  be  deduced 
from  that  of  any  one 


(349)  Coniasmometre  4^en  lomiict  m 
striiment  to  which  the  aloii^  nime  ha  h  en 
given  in  Prance,  whcie  it  la  much  used  i  shown 
in  the  figure.  The  uppei  hfdf  of  the  cylmdei  is 
movahle  on  its  lo^\er  half  The  ob&eivations 
may  be  taken  throng  the  shta,  as  m  the  Survey 
or'a  Cross,  or  a  Telescope  juav  be  added  to  it 
Headings  may  be  taken  both  fzom  tlie  compass  ' 
and  from  the  divided  edge  of  the  lowei  hilf  cf 
the  cylinder,  by  means  of  a  Vernier  on  the 
upper  half." 

"The  proper  care  of  instruments  must  not  be  ouerloaked. 
If  vacniaaea,  ihey  should  be  wiped  gently  with  fine  anil 
clean  linen.  If  polialied  with  Oil,  thej  should  be  rubbed 
inoi*e  attons;ly.  The  parts  neither  yaniished  nor  oiled,  should 
be  cleaned  wirti  Spanish  while  and  alcohol.  '  Varnished  wood,  when  spotted, 
should  ba  wiped  with  very  soft  linen,  moistened  with  a  Utile  olive  oi  or  alfohol. 
Dnpainted  wood  is  cleaned  with  eand-paper.  Apply  olive  oil  where  Sleel  rubi 
asaiiiat  brass ;  and  wa:c  softened  by  tallow  where  brass  rubs  against  brass. — 
Clean  liie  glasses  with  kid  or  bnck  skin.      Wash  ihem,  if  dirtied,  with  alcohol. 
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TEEMIRKS. 

(313)  fleSniliOIl.  A  Yernier  is  a  contrivance  for  measuring 
smaller  portlona  of  sps/je  tlian  those  into  wliich  n.  line  is  actually 
divided.  It  consists  of  a  soeond  line  or  scale,  movable  by  the  side 
of  the  first,  and  divided  into  equal  parts,  which  are  &  very  little 
shorter  or  longer  than  the  pai'ts  into  which  the  first  line  is  divided. 
This  small  difference  is  the  space  which  we  are  thus  enabled  to 


The  Vernier  scale  is  usually  constructed  by  taking  a  length 
equal  to  any  number  of  parts  on  the  divided  line,  and  then  dividing 
this  length  into  a  number  of  equal  parts,  one  more  or  one  less  than 
the  number  into  which  the  same  length  on  the  original  line  is  di- 
vided. 


(344)  IllKStration,  The  figure  represcnte  (to  twice  the  real 
size)  a  scale  of  inches  divided  into  tenths,  with  a  Voi-nier  scale 
beside  it,  by  which  hundredths  of  an  mch  can  be  measured.     The 

Fig,  925. 


2«»03b.';ffi«'^t^«^i— I® 


Vernier  is  made  by  setting  off  on  it  9  tenths  of  an  inch,  and  divid- 
ing that  length  into  10  equal  parts.  Each  apace  on  the  Vernier 
13  therefore  equal  to  a  tenth  of  nine-tenths  of  an  inch,  or  to  nlne- 
hnndredths  of  an  inch,  and  ia  con.sequently  one-hundredth  of  an 
Mieh  shorter  than  one  of  the  divisioiK  of  the  original  scale.     The 

•  The  Voniler  Is  so  Earned  from  its  inveutoi-,  in  IGSI.     Tlio  name  "  Noiiins," 
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first  space  of  the  Vernier  will  therefore  fall  short  of,  or  be  over- 
lapped by,  the  first  space  on  the  scale  by  this  one-hundredth  of  an 
inch ;  the  second  space  of  the  Vernier  ■will  fall  short  by  two-hun- 
dredths  of  an  inch;  and  so  on.  If  then  the  Vernier  be  moved  up 
by  the  side  of  tho  original  scale,  so  that  the  line  marked  1  coin- 
cides, or  forms  one  straight  line,  with  the  line  of  the  scale  which 
was  juat  above  it,  we  know  that  tte  Vernier  has  been  moved  one- 
hundredth  of  an  inch.  If  the  line  marked  2  comes  to  coincide 
with  a  line  of  the  scale,  the  Vernier  has  moved  up  iwo-hundredths 
of  an  inch;  and  so  for  other  numbers.     If  the  josition  of  the 


Scieor>«3"'^'^s^'Mf 


O^  1 


Vernier  be  as  in  this  figure,  the  line  marked  7  on  the  Vernier 
corresponding  ivith  some  line  on  the  scale,  the  zero  line  of  the 
Vernier  is  7  hundredths  of  an  Inch  above  the  division  of  the  scale 
next  below  this  zero  line.  If  this  division  be,  as  in  the  figure, 
8  inches  and  6  tenths,  the  reading  will  be  8.67  inches  * 

A  Vernier  lilce  this  is  used  on  some  levellbg  rods,  being  engraveiJ 
on  the  sides  of  the  openbg  in  the  part  of  the  target  above  its 
middle  line.  The  rod  being  divided  into  hundredths  of  a  foot,  this 
Vernier  reads  to  thousandths  of  a  foot.  It  is  also  used  on  some 
French  Mountain  Barometers,  which  are  divided  to  hundredths  of 
a  metre,  and  thus  read  to  thousandths  of  that  unit. 

(34S)  General  rules.  To  find  what  any  Vernier  reads  to, 
i.  e.  to  determine  how  small  a  distance  it  can  measure,  observe 
how  many  parts  on  the  original  line  are  equal  to  the  same  number 
increased  op  diminished  by  one  on  the  Vernier,  and  divide  the 

"  The  student  will  do  well  to  draw  ancli  a  acale  t 
thick  paper,  and  move  one  beside  Ihe  otlior  till  he  cat 
posiiioti  i  and  BO  with  the  following  Vei'niets. 
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length  of  a  part  on  the  original  line  by  this  last  number.  It  will 
^ve  the  required  distance.* 

To  read  any  Vernier,  firstly,  look  at  the  zero  line  of  the  Ver 
nier,  (which  is  sometimes  marked  by  an  arrow-head),  and  if  it 
coincidea  with  any  division  of  the  scale,  that  will  he  the  correct 
reading,  and  the  Vernier  divisions  are  not  needed.  But  if,  as 
usually  happens,  the  zero  line  of  the  Vernier  cornea  between  any 
two  diviaions  of  the  scale,  note  the  nearest  next  less  diviaion  on  the 

scale,  and  then  look  along  the  Vernier  till  you  come  to  some  line 
on  it  which  exactly  coincides,  or  forms  a  straight  line,  with  some 
line  (no  matter  which)  on  the  fixed  scale.  The  number  of  this 
line  on  the  Vernier  (the  7th  in  the  last  figure)  tells  that  so  many 
of  the  sub-divisions  which  the  Vernier  indicates,  are  to  be  added  to 
the  reading  of  the  entire  divisions  on  the  scale. 

When  several  lines  on  the  Vernier  appear  to  coincide  equally 
with  lines  of  the  scale,  take  the  middle  line. 

When  no  line  coincides,  but  one  lino  on  the  Vernier  is  on  one 
side  of  a  line  on  the  scale,  and  the  next  line  on  the  Vernier  is  as 
far  on  the  other  side  of  it,  the  true  reading  is  midway  between  those 
indicated  by  these  two  lines, 

(346)  Retrograde  Verniers,  The  spaces  of  the  Vernier  in 
modern  instruments,  are  usually  each  shorter  than  those  on  the  scale, 
a  certain  number  of  parts  on  the  scale  being  divided  into  a  larger 
number  of  parts  on  tlie  Vemier.f  In  the  contrary  case,$  there  is 
the  inconvenience  of  being  obliged  to  number  the  lines  of  the  Ver- 
nier and  to  count  their  coincidences  with  the  Imes  of  the  scale,  in 
a  retrograde  or  contrary  direction  to  that  in  which  the  numbers  oa 
the  scale  run.   We  will  call  such  arrangements  retrograde  Verniers. 

I  orisinal  line. 


*  In  Algebraic  latigiiage,  let  s  equal  llie  langtli  o 
and  I'  the  unknown  leuglh  of  ono  part  on  the  Vci 

f  one  part 
■■niev.     Lot 

m  +  1  of  the  lattcv     Then  m,  =  {m -\-  1)  v. 

"^^-^r- 

«  +  l'^»  +  l-              ^""'        f™        ■'"'*'" 

'"-'=: 

t  i.  H,  Algebraically,  «  =  — ^  s.             X  i.  o, 
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(347)  Illustration.  In  this  figure,  the  scale,  as  before,  repre- 
aents  (to  twice  the  real  size)  inches  divided  into  tenths,  but  the 
Veiracr  is  made  hy  dividing  11  parts  of  the  scale  into  10  equaJ 


\ 


s: 


JTT\  I  I  I  I  Til 


parts,  each  of  which  is  therefore  one-tenth  of  eleveii-tentha  of  as 
inch,  i.  e.  eleven-hundredtha  of  an  inch,  or  a  tenth  and  a  hun- 
dredth. Each  space  of  the  Vernier  therefore  overlaps  a  space  on 
the  scale  bj  one-hundredth  of  an  inch.  The  manner  of  reading 
this  Vernier  is  the  same  as  in  the  last  one,  except  that  the  numbera 
run  in  a  reverse  direction.     The  readmg  of  the  figure  ia  30.16. 

This  Vernier  Is  tho  one  generally  applied  to  the  common  Baro- 
meter, tlie  zero  point  of  the  Vernier  being  brought  to  the  level  of 
the  top  of  the  mercury,  whose  height  it  then  measures.  It  is  also 
employed  for  leveilmg  rods  whieh  read  downwards  from  the  middle 
of  the  target. 

(348)  The  figure  below  represents  (to  double  size)  the  usual 
scale  of  the  English  Mountain  Barometer.*  The  scale  is  first 
divided  into  inches.     These   are  subdivided  into  tenths  by  the 


"  Thia  fignre,  and  olliers  in  this  cbapler, 
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longer  lines,  and  the  shorter  linea  again  divide  these  into  half 
tenths,  or  to  5  hundredths.  24  of  these  smaller  parts  are  set  oS 
on  the  Vernier,  and  divided  into  25  equal  parts,  each  of  which  ia 

therefore  =  — ^' —  =  .048  inch,  and  is  shorter  than  a  division 

of  the  scale  by  .050  —  .048  =  .002,  or  two  thousandths  of  an  inch, 
a  twenty-fifth  part  of  a  division  on  the  scale,  to  which  minuteness 
(he  Vernier  can  thei-efoi-o  read.  The  wading  in  the  figure  ia 
S0.686,  (30.66  by  the  scale  and  .036  hy  the  Vernier),  the  dotted 
line  marked  D  showing  where  the  coincidence  takes  place. 

(349)  Cii'cle  divided  Into  degrees.  The  following  illustrar 
tions  apply  to  the  measurements  of  angles,  the  circle  being  vari- 
ously divided.  In  thb  article,  the  circle  ia  supposed  to  be  divided 
into  degrees. 

If  6  spaces  on  the  Vernier  are  found  to  bo  equal  to  5  on  the 
circle,  the  Vernier  can  read  to  one-^th  of  a  space  on  the  circle, 
i.  e.  to  10'. 

If  10  spaces  on  the  Vernier  are  equal  to  9  on  the  circle,  the 
Vernier  can  read  to  one-tenth  of  a  space  on  the  circle,  i.  e.  to  6'. 

If  12  spaces  on  the  Vernier  arc  equal  to  11  on  the  circle,  the 
Vernier  can  read  to  one-twelfth  of  a  space  on  the  ch-cle,  i.  e.  to  5'. 

Fig.  229. 


The  alDOve  figure  shows  such  an  arrangement.  The  indes,  or 
zero,  of  the  Vernier  ia  at  a  point  beyond  858°,  a  certain  distance, 
which  the  coincidence  of  the  third  line  of  the  Vernier  (as  indicated 
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by  ihe  dotted  and  crossed  line)  shows  to  bo  15'.  The  whole  read- 
ing is  therefore  358°  15'. 

If  20  spaces  on  the  Vernier  are  equal  to  19  on  the  circle,  the 
Veriuer  can  read  to  one-twentieth  of  a  djvisloa  on  the  circle, 
i.  e.  to  3'.  English  compasses,  or  "  Circumfercntora,"  are  some- 
times thug  arranged. 

If  60  spaces  on  the  Vernier  are  equal  to  59  on  the  circle,  the 
Vernier  can  read  to  one-sixtieth  of  a  ^vision  on  the  ch'cle,  i.  e.  to  1'. 


(350)  tircle  diri^icd  to  BW,    Such  a  graduation  is  a  very 
common  one.     The  Vernier  may  be  variously  constructed. 

Suppose  30  spaces  on  the  Vernier  to  be  equal  to  29  on  the 
29  X  SO' 
circle.      Each  space  on  the  Vernier  will  be  =  — n-r —  =  29', 

and  will  therefore  be  less  than  a  space  of  the  circle  by  1',  to  which 
the  Vernier  will  then  read. 


In  the  following  figure,  tho  dotted  and  crossed  line  shows  what 
diviaions  coincide,  and  the  reading  is  20"  10' ;  the  Vernier  being 
the  same  as  in  the  preceding  figure,  and  its  zero  being  at  a  point 
of  the  circle  10'  beyond  20°, 
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Fig.  231. 


In  the  following  figure,  the  reading  is  20°  40',  the  index  being 
at  B,  point  heyond  20"  80',  and  the  additional  apace  being  shown 
by  the  Vcniier  to  be  10'. 
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Sometimea  30  spaces  on  the  Vernier  are  equal  to  31  on  the  circle. 

Each  space  on  the  Vernier  will  therefore  be  = — —  ;=  31',  and 

■Vfill  be  longer  than  a  space  on  the  circle  by  1',  to  which  it  will 
therefore  read,  as  in  the  last  case,  but  the  Vermer  will  be  "  retro- 
grade."    This  is  the  Vernier  of  tbe  compass,  Fig.  148.     The  pecu- 
liar manner  in  which  it  is  there  applied  ia  shown  in  Fig.  239. 
If  15  spaces  on  the  Vermer  are  equal  to  16  on  the  circle,  each 


space  on  the  Vernier  will  he  ; 
Tfill  therefore  read  to  2'. 


16  X  30' 


:  32',  and  the  Vernier 


(351)   tlrele  dlTidcd  to  2fi'.     If  20  spaces  on  the  Vernier 
are  equal  to  19  on  tlic  circle,  each  space  of  the  latter  mil  be  =3 


=  19',  and  the  Vernier  will  read  to  20' — 19' : 


19  X  20' 
20 
If  40  spaces  on  the  Vernier  are  equal  to  41  on  the  circle,  each 

space  on  the  Vernier  will  he  =:  — Xii =  ^0^' ;  aad  the  Ver- 

nier  will  therefore  read  to  20^'  —  20'  =  SO".  It  will  he  retro- 
grade.  In  the  following  figure  the  reading  ia  360°,  or  0"  ;  and  it 
will  be  seen  that  the  40  spaces  on  the  Vernier  (nnmhered  to  whole 
minutes)  are  equal  to  13°  40'  on  the  limb,  i.  e.  to  41  spaces,  eaela 
of  20'. 

Fig.aaa. 
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If  60  spaces  on  the  Vernier  are  equal  to  59  on  the  circle,  each 
of  the  former  will  ho  =  ■  -  ,t =  19'  40",  and  the  Vernier 


Hosted  by 


Google 


236       TR45S1T  AXD  TCEODOLITE  SlIRVEYIXG.      [pakt  iv 

will  therefore  read  to  20'  — 19'  40"  =  20".  The  foUowiug  figure 
shows  such  an  arrangement.  The  reading  in-that  position  would 
be  40"  46' 20". 
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(352)  Circle  divided  to  15',     If  60  spaces  on  the  Vernier  are 
equal  to  59  on  the  circle,  each  space  on  the  Vermer  wJU  be  = 

— :rr. —  =  14'  45",  and  the  Vernier  wiU  read  to  15".     In  the 

foIloAving  figure  the  reading  is  10°  20'  45",  the  jndeK  pointing  to 
10°  15',  and  something  more,  which  the  Vernier  shows  to  be  5'  45' 


a 


15 


1 


10  9  8 


7  6|  5  4 


3  2  1 


A 


Hosted  by 


Google 


OH  AH.  n.] 


Verniers. 


(353)  Circle  diTidcd  to  10'.  If  60  spaces  on  tlie  Vernier  be 
equal  to  59  on  the  limb,  the  Vernier  will  read  to  10".  In  the 
follo^ymg  figure,  the  reading  is  7°  25'  40",  the  reading  on  the 
circle  being  7°  20',  and  the  Vernier  sho-wing  the  remfdning  space 
to  be  5'  40". 

Fig.  236. 
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(354)  Rcadins:  fcar-kwisriJs.  When  an  index  carrying  a  Ver- 
nier is  moved  baclcwarcla,  or  ia  a  contrary  direction  to  that  in 
which  the  numbers  on  tte  circle  run,  if  we  wish  to  read  the  apace 
which  it  has  passed  over  in  this  direction  from  the  zero  point,  the 
Vernier  must  be  read  backwards,  (i.  e.  the  highest  number  be 
called  0),  or  its  actual  reading  must  be  subtracted  from  tbe  value 
of  the  smallest  space  on  the  circle.  The  reason  is  plain ;  for, 
since  the  Vernier  shows  how  far  the  index,  moving  in  one  direc- 
tion, has  gone  past  one  division  line,  the  distance  which  it  ia  from 
tbe  next  division  line  (which  it  may  be  supposed  to  have  passed, 
moving  in  a  contrary  direction),  wiU  be  the  difference  between  tbo 
reading  and  the  value  of  one  space. 

Thus,  in  Fig.  229,  page  232,  the  reading  la  §58°  15'.  But, 
counting  backwai'ds  from  the  360°,  or  zero  point,  it  is  1°  45'. 

Caution  on  thU  point  ia  particularly  necessary  in  using  small 
angles  of  deflection  for  rtulroad  curves. 
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(353)  Aix  of  exccsSi  On  the  s&xtant  and  similar  instru- 
ments, the  divisions  of  tlie  limb  are  earned  onward  a  short  distance 
beyond  the  zero  point.  This  portion  of  the  limb  is  called  the  "  Arc 
of  excess."  When  the  index  of  the  Vernier  points  to  this  arc,  the 
reading  must  he  made  as  explained  in  the  last  article.  Thna,  in 
the  figui'e,  tie  reading  on  the  arc  from  the  zero  of  the  limb  to  the 
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zero  of  the  Vemier  is  4°  20',  and  something  more,  and  the  reading 
of  the  Vernier  from  10  towards  to  the  right,  where  the  lines  coin- 
cide, is  S'  20",  (or  it  is  10'  —  6'  40"  =  3'  20"),  and  the  entire 
reading  ia  therefore  i°  23'  20", 

(338)  Double  Verniers.  To  avoid  the  inconveniences  of  read* 
ing  backwards,  double  Verniers  are  sometimes  used.  The  figure 
below  shows  one  applied  to  a  Transit.     Each  of  the  Verniers  is 

Fig.  !>38. 
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like  the  one  described  in  Art.  (35i)),  Figs.  230,  231,  and  232. 
When  the  degrees  are  counted  to  the  left,  or  as  the  numbers  run, 
as  is  nsual,  the  left-hand  Vernier  is  to  be  read,  as  in  Art.  (350)  ; 
but  when  the  degrees  are  counted  to  the  right,  from  the  360°  line, 
the  right-hand  Vernier  ia  to  ho  used. 

(557)   C«mpas9-Vcruicr.     Another  form  of  double  Veraier, 
often  applied  to  the  compass,  is  shown  in  the  following  figure.    The 
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lirab  is  divided  to  half  degrees,  and  the  Vernier  reads  to  minutes, 
30  parts  on  it  being  equal  to  31  on  the  limb.  But  the  Veniior  is 
only  half  as  long  as  in  the  previous  case,  going  only  to  15',  the 
upper  figures  on  one  half  being  a  sort  of  continuation  of  the  lower 
figures  on  the  other  half.  Thus  in  moving  the  index  to  the  right, 
read  the  lower  figures  on  the  left  hand  Vernier  (it  being  retro- 
grade) at  any  coincidence,  when  the  space  passed  over  is  less  than 
16' ;  but  if  it  be  more,  read  the  upper  figures  on  the  right  hand 
Vernier :  and  vice  versa. 
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ADJCSTMEKTS. 

(358)  The  purposes  for  which  the  Transit  ancl  Theodolite  (as  well 
as  most  survejing  and  astronomical  instruments)  ore  to  he  used, 
require  and  presuppose  certajn  parts  and  lines  of  the  instrument 
to  be  placed  in  certain  clirectiona  with  respect  to  others ;  these  re- 
spective directions  being  usually  parallel  or  perpendicular.  Such 
arrangements  of  their  parts  ai-e  called  their  A^ustmmts.  The 
same  word  is  also  applied  to  placing  these  lines  in  these  directions. 
In  the  following  explanations  the  operations  which  detei-mine 
whether  these  adjustments  are  correct,  will  be  called  their  Verifi- 
eaUons  ;  and  the  making  them  right,  if  they  are  not  so,  tlieii'  Rac- 
Ufications* 

(359)  In  observations  of  homontal  angles  with  the  Transit  or 
the  Theodolite,!  l*  is  required,     , 

1°  That  the  circular  plates  shall  be  horizontal  in  whatever  way 
they  may  be  turned  around. 

2°  That  the  Telescope,  when  pointed  fonyard,  shall  look  in  pre- 
cisely the  reverse  of  its  direction  when  pointed  backward,  i.  e.  that 
its  two  lines  of  aght  (or  lines  of  collimation)  fom^ard  and  back- 
ward shall  lie  in  the  same  plane. 

3"  That  the  Telescope  in  turning  upward  or  downward,  shall 
move  in  a  truly  vertical  plane,  in  order  that  the  angle  measured 
between  a  low  object  and  a  high  one,  may  be  precisely  the  same 
as  would  be  the  angle  measured  between  the  low  object  and  a  point 
exactly  under  the  high  object,  and  in  the  same  horizontal  plane  as 
the  low  one. 

'  II  liaa  been  weU  aeid.  ihat  "  In  the  preaent  stale  of  acience  il  may  be  laid 
down  ufl  a  maxim,  tliat  eveiy  Inatniment  should  be  ao  coijtrived,  iliac  itie  olraerver 
may  easily  examine  and  rectify  ihe  principal  parts  i  fni',  however  careful  the 

ble  that  any  jnatvoment  should  long  remain  accurately  fixed  in  the  position  in 
which  it  came  oat  of  the  maker's  bftntla." — Adeems'  "  GeometnaU  and  GrmJiieal 
Eatayt,"  1791. 

t  The  Theodolite  adjuBlments  wbioh  rekte  only  to  levelling,  or  to  meaeuring 
veitioal  angles,  will  not  be  here  discuflsed. 
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We  shall  see  that  all  these  adjustments  are  finally  resolvable 
into  these ;  1st,  Making  the  vertical  axis  of  the  instrament  perpen- 
dicular to  the  plane  of  the  levels ;  2d.  Making  the  Ime  of  collimar 
fion  perpendicular  to  its  axis ;  and  3d.  Making  this  axis  parallel 
to  the  plane  of  the  levels.  They  are  aJl  best  tested  by  the  inralu- 
ahle  principle  of  "Reversion." 

We  have  now,  firstly,  to  examine  whether  these  things  are  so, 
that  is,  to  "  Terify"  the  adjuatments ;  and,  secondly,  if  we  find  tliai 

they  are  not  so,  to  ma/ee  them  so,  i.  e.  to  "rectify,"  or  "adjust"  them 
correctly.  The  above  three  reciuirements  produce  as  many  corre- 
sponding adjustments. 


(360)  First  adjustment,  ^o  cause  the  circle  to  he  Jwrizontal 
in  eve^y position* 

Verification. — Turn  the  Vernier  plate  which  carries  the  levels, 
till  one  of  them  is  parallel  to  one  pair  of  the  parallel  plate 
screws.  The  other  -will  then  be  parallel  to  the  other  pair.  Bring 
each  bubble  to  the  middle  of  its  tube,  by  that  pair  of  screws  to 
which  it  is  parallel.  Then  turn  the  vernier  plate  half  way  aroimd, 
i.  e.  till  the  index  has  passed  over  180°.  If  the  bubbles  remain 
in  the  centres  of  the  tubes,  tiiey  are  in  adjustment.  If  either  of 
them  runs  to  one  end  of  the  tube,  it  requires  rectification. 

Rectification. — The  fault  which  is  to  be  rectified  ia  that  the 

plane  of  the  level  (i.  e.  the  plane  tangent  to  the  highest  point  of 

the  level  tube)  is  not  perpendicular  to  the  vertical  axis,  AA  in 

figui-e  214,  on  which  the  plate  turns.     For,  let  AB  represent  this 

Fig.  2.10.  Fig.  241. 


a- .^ 


plane,  seen  edgeways,  and  CD  the  centre  fine  of  the  vertical  axis, 

rhia  applies  equally  lo  llio  Transit  aiiil  llie  Tijtotiolite. 


Hosted  by 


Google 


'242        TE4HSIT  ARD  TlEODOtlTE  SlfEVEniVfl.       [paet  it 

which  is  here  drawn  as  making  an  acute  angle  with  this  plan? 
on  the  right  hand  side.  The  first  figure  represents  the  bubbia 
brought  to  the  centre  of  the  tube.  The  second  figure  represents 
the  plate  turned  Iialf  around.  The  centre  line  of  the  axis  is  sup- 
posed to  remain  unmoved.  The  aeuto  angle  ivill  now  be  on  the 
left  hand  side,  and  the  plate  will  no  longer  be  horizontal.  Conse- 
quently the  bubble  will  run  to  the  higher  end  of  the  tube.  TTie 
rectifieatiOQ  neoesaary  le  evIJeally  to  raise  one  end  of  the  tube  and 
lower  the  other.  The  real  error  has  been  doubled  to  the  eye  by 
the  reyersion.  Half  of  the  motion  of  the  bubble  was  caused  by  the 
tangent  plane  not  being  perpendicular  to  the  axis,  und  half  by  this 
axis  not  being  vertical.  Therefore  raise  or  lower  one  end  of  the 
level  by  the  screws  which  fasten  it  to  the  plate,  till  the  bubble 
comes  about  half  ivay  back  to  the  centre,  and  then  bring  it  quite 
back  by  turning  its  pair  of  parallel  plate  screws.  Then  again 
reverse  the  vernier  plate  180°.  The  bubble  should  now  remain  in 
the  centre.  If  not,  the  operation  should  be  repeated.  The  same 
must  be  done  with  the  other  level  if  required.  Then  the  bubbles 
will  remain  in  the  centre  during  a  complete  revolution.  This 
proves  that  the  axis  of  the  vernier  plate  is  then  vertical ;  and  as 
it  has  been  fixed  by  the  maker  perpendicular  to  the  plate,  the 
latter  must  tlien  be  horizontal. 

It  is  also  necessary  to  examine  whether  the  bubbles  remain  in 
the  centre,  when  the  divided  circle  is  turned  round  on  its  axis. 
If  not,  the  axes  of  the  two  plates  are  not  parallel  to  each  other. 
The  defect  can  be  remedied  only  by  the  maker ;  for  if  the  bubbles 
be  altered  so  as  to  be  right  for  this  reversal,  they  will  be  wi-ong 
for  the  vernier  plate  reversal 

(361)  Second  a^ustiucnt.  To  eaiise  the  line  of  collimatwn  io 
revolve  in  a^lane." 

VmficaUon.  Set  up  the  Tran3it  in  the  middle  of  a  level  piece 
of  ground,  as  at  A  in  the  figure.  Level  it  carefully.  Set  a  etate, 
with  a  nail  driven  into  its  head,  or  a  chain  pin,  as  far  from  the 
matrument  as  it  is  distinctly  visible,  as  at  B,     Direct  the  telescope 


adJHStm 
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Fig.  S« 


to  itj  and  fix  the  interseclioii  of  the  cross-haJrs  Yery  precisely  upon 
it.  Clamp  the  iastrumcnt.  Measiire  from  A.  to  E.  Then  turn 
over  the  telescope,  and  set  another  stalie  at  an  equal  distance  from 
the  Transit,  and  also  precisely  in  the  line  of  sight.  If  the  hue  of 
coUimation  has  not  contmued  in  the  same  plane  during  its  half-revo- 
lutioo,  this  stake  mil  not  be  at  E,  but  to  one  side,  as  at  C.  To 
discover  the  truth,  loosen  the  clamp  and  turn  the  vernier  plate  half 
around  irithout  touching  the  telescope.  Sight  to  E,  as  at  first,  and 
again  clamp  it.  Then  turn  over  tlie  telescope,  and  the  line  of  sight 
will  strilte,  aa  at  D  in  the  figure,  as  far  to  the  right  of  the  point,  as 
it  did  before  to  its  left. 

Reotifisation. '  The  fault  which  is  to  be  rectified,  is  that  the  line 
of  coUimation  of  the  telescope  is  not  perpendicular  to  the  horiiiontal 
axis  on  Tvhioh  the  telescope  revolves.  This  ivill  be  seen  by  the 
figures,  which  represent  the  position  of  the  lines  in  each  of  the  four 


-■^ 


observations  which  have  been  made.  In  each  of  the  figures  the 
long  thick  lino  represents  the  telescope,  and  the  short  one  the  axis 
on  which  it  turns.     In  J'ig.  243  the  line  of  sight  is  directed  to  B. 
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In  Pig.  244  the  telescope  Ima  been  turned  over,  and  with  it  the 
asis,  so  that  the  obtuse  angle,  marked  0  in  the  first  figure,  haa 
taJten  the  place,  0',  of  the  acute  angle,  and  the  telescope  points  to 
C  instead  of  to  E.  In  Pig.  245  the  vernier  plate  haa  been  turned 
half  around  so  as  to  point  to  B  again,  and  the  same  obtuse  ajigle 
has  got  around  to  0".  In  Pig.  246  the  telescope  has  been  turned 
oyer,  the  obtuse  angle  is  at  0'",  and  the  telescope  now  points  to  D- 

To  make  the  hne  of  eoUimation  perpendicular  to  the  axis,  the 
former  must  have  its  direction  changed.  This  is  effected  bj  mov- 
ing the  vertical  hair  the  proper  distance  to  one  side.  As  was 
explained  in  Art.  (330),  and  represented  in  Pig.  217,  the  cross- 
hairs are  on  a  ring  held  by  four  screws.  By  !o(Kening  the  left- 
hand  screw  and  tightening  the  right-hand  one,  the  ring,  and  witli 
it  the  cross-haii-s,  wUl  be  drawn  to  the  right ;  and  vice  vasa.  Two 
holes  at  right  angles  to  each  other  pass  through  the  outer  heads  of 
the  screws.  Into  these  holes  a  stout  steel  wire  is  ii^erted,  and 
the  screws  can  thus  be  turned  around.  Screws  so  made  kre  called 
"  capstan-headed."  One  of  the  other  pair  of  screws  may  need  to 
be  loosened  to  avoid  straining  the  threads.  In  some  French  instru- 
ments, one  of  each  pair  of  screws  is  replaced  by  a  spring. 

To  find  how  much  to  move  this  vertical  hair,  measure  from  C  to 
D,  Fig.  242,  page  243.  Set  a  stake  at  the  middle  point  E,  and 
set  another  at  the  point  F,  midway  between  D  ^nd  E  Mn\e  the 
vertical  hair  till  the  line  of  eight  strikes  F.  Thei  the  matument 
is  adjusted ;  and  if  the  line  of  sight  be  now  diiei-ted  to  E  it  will 
strike  E,  when  flie  teleaeope  ia  turned  over  imce  the  h«r  is 
moved  half  of  the  doubled  error,  DE.  The  opention  will  ^ene 
rally  require  to  be  repeated,  not  being  quite  perfected  at  first. 

It  should  be  remembered,  that  if  the  Telescope  used  does  not 
invert  objects,  its  eye-piece  will  do  so.  Consequently,  with  such  a 
telescope,  if-  it  seems  that  the  vertical  hair  should  be  moved  to  the 
left,  it  must  be  moved  to  the  right,  and  vioe  versa.  An  invertiug 
telescope  does  not  invert  the  cross-hairs. 

If  the  young  surveyor  has  any  doubts  as  to  the  perfection  of  his 
rectification,  he  may  set  another  stake  exactly  under  the  instrument 
by  means  of  a  plumb-line  suspended  from  its  centre  ;  and  then,  in 
like  manner,  set  his  Transit  over  B  or  E.     He  viill  find  that  the 
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otliei  t  \o  ?hke?,  \.  aiT  tht  (.\tieme  one,  /  ^  m  the  ^ame  i-ti light 
hne  with  hii  motmiiieiit 

In  "onie  mstiuments,  the  honzontii  i\i&  of  the  teIefCO]e  ciu  he 
taken  out  of  its  supioiti,  and  tumtd  o\ei,  cnl  h  end  In  such 
a  cTse,  the  hne  of  sight  miy  be  dizeeted  to  any  i^ell  defined  point 
and  the  a^is  then  tiken  out  ind  turned  oier  It  the  hne  of  sight 
again  strikes,  the  same  j  »nt  tl  is  hne  i3  petj  endioular  to  the  aus 
If  not,  the  apparent  error  is  double  the  real  error,  as  appears  from 
the  figures,  the  obtuse  angle  0  coming  to  0',  and  the  desired  per- 


2.247.    ^- 


i^' 


peniiicular  line  falling  at  C  midway  between  B  and  B'.  The  rec- 
tification may  bo  made  as  before;  or,  in  some  large  instruments,  in 
which  the  telescope  is  supported  on  Ys,  by  moving  one  of  the  Y^ 
laterally. 

(362)  The  Theodolite  must  be  treated  differently,  since  its  tele- 
scope does  not  reverse.  One  substitute  for  this  reversed,  when  it 
is  desired  to  range  out  a  line  forward  and  haekwEtrd  from  one  sta- 
tion, is,  after  sighting  in  one  direction,  to  take  the  telescope  ont  of 
the  Ys  and  turn  ic  end  for  end,  to  sight  in  the  reverse  direction. 
This  it  can  be  made  to  do  by  adjusting  its  line  of  collimation  as 
explained  in  the  last  article.  Another  substitute  is,  after  sightmg 
in  one  direction,  and  noting  the  reading,  to  turn  the  vermer  plate 
around  exactly  180°.  But  this  supposes  not  only  that  the  graduar 
tion  is  perfectly  accurate,  but  dho  that  the  line  of  collimation  is 
exactly  over  the  centre  of  the  circle.  To  test  this,  after  sighting 
to  a  point,  and  nothig  the  reading,  take  the  telescope  ont  of  the 
ys  and  turn  it  end  for  end,  and  then  turn  the  vernier  plate 
around  exactly  180°.  If  the  Ime  of  sight  again  strikes  the  same 
point,  the  latter  condition  exists.     If  not,  the  maker  must  remedy 
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the  defect.     This  error  of  eccentricity  ia  similar  to  that  esplaiaod 
with  respect  to  the  compass,  in  the  latter  part  of  Art.  (22fi). 


(SOS)  Third  adjustment,  To  cause  the  line  of  colUmation  tc 
revolve  in  a  vertical  plane* 

Yerifiaation.  Suspend  a  long  plumb-line  from  some  high  point; 
Set  the  instrument  near  this  line,  aad  level  it  carefully.  Direct 
the  telescope  to  the  plumh-luie,  and  see  if  the  mtersection  of  the 
cross-hairs  follows  and  remaina  upon  tliia  line,  when  the  telescope 
is  turned  up  and  down.    If  it  doea,  it  movea  in  a  vertical  plane. 

The  angle  of  a  new  and  well-built  house  will  fi-rm  an  imperfect 
substitute  for  the  plumb-line. 

Othenvise ;  the  instrument  being  set  up  and  levelled  as  above. 
place  a  basin  of  some  reflecting  liquid  (quicksilver  bemg  the  best, 
though  molasses,  or  oil,  or  even  water,  will  answer,  though  less  pei> 
feetly,)  so  that  the  top  of  a  ateeple,  or  other  point  of  a  high  object, 
can  be  seen  in  it  through  the  telescope  by  reflection.  Make  the 
intersection  of  the  cross-hdra  cover  it.  Then  turn  up  the 
scope,  and  if  the  intersection  of  the  cross-hairs  bisects  also  tht 
object  seen  directly,  the  line  of  sight  has  moved  in  a  vertical  plane. 
If  a  star  be  taken  as  the  object,  the  star  and  its  reflection  will  bo 
equivalent  (if  it  be  nearly  over  head)  to  a  plumh-Iine  at  least  fifty 
million  million  miles  long. 

Otherwise ;  set  the  instrument  as  close  as  possible  to  the  base 
of  a  steeple,  or  other  high  object ;  level  it,  and  direct     rig-  2^9 
it  to  the  top  of  the  steeple,  or  to  some  other  elevated 
and  well  defined  point.     Clamp  the  plates.    Turn  down 
the  telescope,  and  set  up  a  pin  in  the  ground  pre- 
cisely "inline."     Then  loosen  the  clamp,  turn  over 
the   telescope,   and  turn  it  half-way   around,  or  so 
far   as   to   again   sight  to   the   high  point.      Clamp 
the  plates,  and  again  turn  down  the  telescope.     If 
the  Ime  of  sight  again  strikes  the  pin,  the  telescope 
has  moved  in  a  vertical  plane.     If  not,  the  apparent   I'    ^     '^' 
eiTor  is  double  tiie  real  error.    Tor,  let  S  be  the  top  of  the  steeple, 

...  of  tlie 
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(Fig. 249)  and  P' the  pin ;  then  the  plEine  in  ■which 
the  telescope  moFes,  seen  edgewise,  is  SP  ,  and, 
after  being  turned  aioimd,  the  line  of  eight 
moves  in  the  plane  SP",  as  far  to  one  side  rt 
the  vertical  plane  SP,  as  SP'  was  on  the  otliei 
side  of  it, 

RecUfieation.  Since  the  second  adjustment 
causes  the  line  of  sight  to  move  lu  a  pkne  j  ei 
pendicular  to  the  asis  on  which  it  turns,  it  ■nill 
move  in  a  vertical  plane  if  that  axis  be  hou- 
zontal.  It  may  be  made  so  by  filing  ofl  the 
feet  of  the  standards  which  support  the  hi^licr 
end  of  the  axis.  This  -will  be  best  done  by  the 
maker.  In  some  instruments  one  end  of  the 
asis  can  be  raised  or  lowered. 

(364)  CeotriB?  eyc-picce.  In  smie  m 
stniments,  sut-h  is  thit  of  whiuh  a  longitu  bnal 
section  is  shown  m  the  m^iQin,  the  inner  end 
of  the  eye-pieee  miy  be  moved  so  that  the 
cross-haira  shaU  be  seen  piecise'y  in  the  cen 
tre  of  ite  field  of  view  This  is  done  by  meijis 
of  four  screws,  iiiTJiged  m  piu-a,  like  those  of 
the  cross-hair  img  acreivs,  and  oapaMe  of  mov- 
ing the  eye-piece  up  and  do^vn,  ind  to  light 
or  left,  by  h  opening  one  and  tightening  the 
opposite  one.  Two  of  them  Tre  shown  at  A,  A, 
in  the  figure  ;  m  which  B,  B,  are  two  ot  the 
"r  screws.- 


(365)  Centring  object-glass,  In  '■ome 
instruments  four  screws,  similarly  ananged, 
two  of  which  are  shown  at  C,  C,  can  move,  in 
any  direction,  the  inner  end  of  the  sUde  which 
carries  the  object-glass.  The  necesyty  foi 
Buch  an  arrangement  aiisea  from  the  impossi- 


j^^^fl 


^    .    iff" 


Hosted  by 


Google 


24S        TRIRSIT  ma  TBEODOLITE  SUHVEVLW.       [paet  it. 

Ijility  of  iJi  awing  a  tube  perfectly  straight.  Consequently,  the 
hne  of  coliimation,  when  the  tube  is  drawn  in,  will  not  coincide  with 
the  sime  Imc  when  tho  tube  is  pushed  out.  If  adjusted  for  one 
position,  it  mil  theiefcie  be  wrong  for  the  other.  ■  These  screws, 
howeiei,  c  in  mike  it  light  in  both,  positions.  They  are  used  as 
follows. 

Sight  to  some  well  defined  point  as  far  off  as  it  can  he  distinctly 
seen.  Then  revolve  the  telescope  half  around  in  its  supports ; 
i.  e.  turn  it  upside  down.  If  the  line  of  coliimation  was  not  in 
the  imaginary  axia  of  the  rings  or  collars  on  which  the  telescope 
rests,  it  will  now  no  longer  bisect  the  object  sighted  to.  Thus, 
if  the  horizontal  hair   was  too  high,  as  in  Fig.  251.  t[.is  line  of 


eollimation  would  point  at  first  to  A,  and  after  being  turned  over,il 
would  point  to  E.  The  error  is  doubled  by  the  reyersion,  and  it 
should  point  to  C,  midway  between  A  and  B.  Make  it  do  so,  by  un 
screwing  the  upper  capstan-headed  screw,  and  screAving  in  the  lower 
one,  till  tlie  horizontal  hair  is  brought  half  way  back  to  the  point. 
Remember  that  in  an  erecting  telescope,  the  cross-hairs  are  reversed, 
and  vioe  versa.  Bring  it  the  rest  of  the  way  by  means  of  the 
parallel  plate  screws.  Then  revolve  it  in  the  Ys  back  to  its  orig- 
inal position,  and  see  if  the  intersection  of  the  cross-hairs  now 
bisects  the  point,  as  it  should.  If  not,  again  revolve,  and  repeat 
Hie  operation  till  it  is  perfected.  If  the  vertical  hair  passes  to  the 
right  or  to  the  left  of  the  point  when  the  telescope  is  turned  half 
around,  it  must  he  adjusted  in  the  same  manner  by  the  other  pair 
of  cross-hairs  screws.  One  of  these  adjustments  may  disturb  the 
other,  and  they  should  he  repeated  alternately.  When  they  are 
perfected,  the  intersection  of  the  cross-hairs,  when  once  fixed  on  a 
point,  will  not  move  from  it  when  the  telescope  is  revolved  in  its 

In  TheotloUteo,  tlie  Telescope  ia  revolved  in  the  Ys.  If  TranBitfi,  the  maker, 
by  whom  tbia  Bdjastment  is  usnally  peiformed,  revolven  Ibe  Telesoope,  in  the 
same  manner,  before  it  is  fixed  in  its  cross-bar. 
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supports.  This  doulile  operation  is  called  adjusting  the  line  of 
coUimation." 

This  line  is  now  adjusted  for  distant  objects.  It  would  bo  so  for 
near  ones  also,  if  the  tube  were  perfectly  straight.  To  test  this, 
sight  te  some  point,  as  near  aa  is  distinctly  visible.  Then  turn  the 
telescope  half  over.  If  tbe  intersection  does  not  now  bisect  tbe 
pointj  bring  it  balf  way  there  by  the  Bcrews  C,  C,  of  Tig.  250, 
moving  only  one  of  the  hairs  at  a  time,  as  before.  Then  repeat 
the  former  adjustment  on  the  distant  object.  If  this  is  not  quite 
perfect,  repeat  the  operation. 

This  adjustcaent,  in  instruments  thus  arranged,  should  precede 
the  first  one  which  we  have  explained.  It  is  usuidly  performed 
by  the  maker,  and  its  screws  are  not  visible  in  the  Transit,  being 
enclosed  in  the  ball  seen  where  the  telescope  is  connected  with 
the  cross-bar.  1 

All  the  adjustments  should  be  meddled  with  as  little  as  possible, 
lest  the  screws  eliould  get  loose ;  and  when  once  made  right  they 
should  be  kept  so  by  careful  usage. 

*  This  "adjustment  of  the  ]me  of  colli mali on"  haa  merely  hcoH^ht  the  iutersec- 
t!on  of  the  cross-b  aire  {which  files  the  line  of  sight)  imo  the  line  joining  the  cen- 
tres of  the  collars  on  .which  the  telescope  loms  m  the  Ys ;  but  the  maker  is  snp- 
poBedtohaveoriginally  fixed  the  optical  oiia  of  thetelescopo  (i.  e.  the  line  joining 
the  oplicfll  centres  of  the  glasses ),  in  the  same  line. 

tThe  odjiislmem  of  "  CtiHriiig  tl.e  ohjo^t-gltiss  is  ihe  iHvenllon  of  McsBrn. 
Gurley,  of  Troj. 
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CHAPTER  IV. 

THE  FIEI^B-WOKE, 

(S6fl)  To  measure  a  bovizontal  smgk.  Set  up  the  instrument 
BO  that  its  centre  shall  be  '^''S-  ^'^'^■ 

exactly  over  the  angu- 
lar point,  or  in  the  in- 
tersection of  the  two 
linea  whose  difference  of 
direction  ia  to  be  measured;  as  at  B  in  the  figure.  A  plumh 
line  muat  be  suspended  from  under  the  centre.  Dropping  a 
atone  is  an  imperfect  substitute  for  this.  Set  the  instrument 
80  that  its  lower  parallel  plate  may  he  as  nearly  horizontal  as 
possible.  The  levels  ivill  serve  as  guides,  if  the  four  paraJlol-plate 
Bcrewa  be  first  so  screwed  up'  or  down  that  equal  lengths  of  them 
shall  be  above  the  upper  plate.  Then  level  the  instrument  care- 
fully, as  in  Art.  (338).  Direct  the  telescope  to  a  rod,  state,  or 
other  object,  A  in  the  figure,  on  one  of  the  lines  which  form  the 
angle.  Tighten  the  clamps,  and  by  the  tangent^erew,  (see  Art. 
(336)),  move  ttie  telescope  so  that  the  intersection  of  the  cross- 
hairs shall  very  precisely  bisect  this  object.  Note  the  reading  of 
the  vernier,  as  explained  in  the  preceding  chapter.  Then  loosen 
the  clamp  of  the  vernier,  and  direct  the  telescope  on  the  other  line 
(as  to  C)  precisely  as  before,  and  again  read.  The  difference  of 
the  two  readings  will  be  the  desired  angle,  AEC.  Thus,  if  the 
first  reading  had  been  40°  and  the  last  190°,  the  angle  would  be 
150°.  If  the  vernier  had  pa^ed  360°  in  turning  to  the  second 
object,  360°  should  be  added  to  the  last  reading  before  subtract- 
ing. Thus,  if  the  first  reading  had  been  300°,  and  the  last  read- 
ing 90°,  the  angle  would  be  found  by  calling  the  last  readuig,  as 
it  really  is,  360°  -I-  90°  =  450°,  and  then  subtracting  300°. 

It  ia  best  to  sight  first  to  the  left  hand  object  and  then  to  the 
right  hand  one,  turning  "  with  the  eun,"  or  like  the  hands  of  a 
watch,  since  the  numbering  of  the  degrees  usually  runs  in  that 
direction. 
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It  is  convenient,  though  not  necessary,  to  begin  by  setting  the 
vernier  at  zero,  by  the  upper  movement  (that  of  tlie  vernier  plate 
on  the  circle)  and  then,  by  meai.s  of  the  lower  motion,  (that  of 
the  whole  instrument  on  its  axis),  to  direct  the  telescope  to  the  firat 
object.  Then  fasten  the  lower  clamp,  and  sight  to  the  second 
object  as  before.  The  reading  will  then  be  the  angle  desired, 
An  objection  to  this  is  that  tiie  two  verniers  seldom  read  alike." 

After  one  or  more  angles  have  been  observed  from  one  point, 
the  telescope  must  be  directed  back  to  the  fii-st  object,  and  the 
reading  to  it  noted,  so  as  to  make  sure  that  it  has  not  slipped. 
A  watch-telescope  (see  Art.  S3S)  renders  this  unnecessary. 

The  error  arising  from  the  instrument  not  being  set  precisely 
over  the  centre  of  the  station,  will  be  greater  the  nearer  the  object 
sighted  to.  Thus  a  difference  of  one  iaeh  would  cause  an  error  of 
only  3"  in  the  apparent  direction  of  an  object  a  mile  distant,  but 
one  of  nearly  3'  at  a  distance  of  a  hundred  feet. 

(367)  Rcdiictifflii  of  filffh  and  low  oitjects.  When  one  of  the 
objects  sighted  to  is  higher  tha^i  the  other,  the  "  plunging  tele- 
scope" of  these  instruments  causes  the  angle  measured  to  be  the 
true  horizontal  angle  desired ;  i.  e.  tJie  same  angle  as  if  a  point 
exactly  under  the  high  object  and  on  a  level  lyith  tlie  low  object 
(or  vice  versa)  had  been  sighted  to.  For,  the  telescope  has  been 
caused  to  move  in  a  vertical  plane  by  the  Sd  adjustment  of  Chap- 
ter II,  and  the  angle  measured  is  therefore  the  angle  between  the 
vertical  planes  which  pass  through  the  two  objects,  and  whicli 
"  project"  the  two  lines  of  sight  on  the  same  horizontal  plane. 

This  constitutes  the  great  practical  advantage  of  these  instru- 
ments over  those  which  are  held  in  the  planes  of  the  two  objects 
observed,  such  as  the  sextant,  and  the  "  circle"  much  used  by  the 
French. 


"Theleamer  will  flo  well  to  gHUge  his  own  precision  and  list  of  tlieiiistrumBn 
(and  be  may  test  assured  that  Ins  own  will  be  the  one  chiefly  in  iauh}  by  measur 
lag,  frain  any  station,  the  angles  between  successive  points  all  ai'uuna  him,  till  hi 
gem  back  lo  tlie  lirst  point,  beginning  at  (lifTeieiit  parts  of  the  circle  for  each  angle 
The  sum  of  all  theae  anElBB  ihoald  exactly  equal  3G0b.  He  will  probably  flili 
■lUtto  a  ilirereuce  from  that. 
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(S68)  Kotatioa  of  an8:lcs.  The  angles  obs  1  may  be 
noted  in  various  ways.  Thus,  the  observation  f  the  an^le  ABO, 
in  Fig.  252,  may  be  noted  "  At  B,  from  A  to  C  150  o  b  tter, 
"  At  E,  between  A  and  C,  150°."     In  column  f   m  this  becomes 

Between  A|160°|ant!  C. 
At  !  B  1 
"V^Tion  the  vernier  had  been  set  at  aero  before  sighting  to  tho 
first  objaet,  and  other  objects  ivere  then  sighted  to,  those  objects, 
the  readings  to  which  were  less  than  180°,  will  be  on  the  left  of 
the  first  line,  and  those  t«  which  the  readings  were  more  than 
180°,  will  be  on  its  right,  looking  in  the  direction  in  which  the.  sur- 
vey is  proceeding,  from  A  to  B,  and  so  on.* 

(369)  Pi'Ofealile  error.  When  a  number  of  separate  observa- 
tions of  an  angle  have  been  made,  the  m  a  of  them  all, 
(obtamed  by  dividing  the  sum  of  the  a  li  <^  I"  th  ir  number,) 
ia  taten  as  the  true  reading.  '  The  "  P  b  11  f  this  mean, 
is  the  quantity,  (minutes  or  seconds)  ■nh  h  1  th  t  there  is  an 
even  chance  of  the  real  error  being  m  1  tl  n  it.  Thus, 
if  ten  measurements  of  an  angle  gav  m  n  f  5  18',  and  it 
was  an  equal  wager  that  the  error  of  tl  It  too  much  or  too 
little,  was  half  a  minute,  then  half  a  mir  ute  w  ul  1  b  the  "  Probable 
error"  of  this  determination.  This  probable  error  is  equal  to  the 
square  root  of  the  sum  of  the  squares  of  the  errors  (i.  e.  the  differ- 
ences of  each  observation  from  the  mean)  divided  by  the  number 
of  observations,  and  multiplied  by  the  decimal  0.674489. 

The  same  result  would  be  obtained  by  using  what  is  called 
"  The  weighf  of  the  observation.  It  is  equal  to  the  square  of 
the  number  of  observations  divided  by  twice  the  sum  of  the  squares 
of  the  errors.  The  "  Probable  error"  is  equal  to  0.476936  divided 
by  the  square  root  of  the  weight.  These  rules  are  proved  hj  the 
"  Theory  of  Probabilities." 

(310)  To  repeat  an  angle.  Begin  as  in  Art.  (dM'),  an 
measure  the  angle  as  there  directed.  Then  unelamp  below, 
and  turn  the  circle  around  till  the  telescope  is  again  directed  to 
the  first  object,  and  made  to  bisect  it  precisely  by  the  lower  tan- 

'  This  is  vc:y  useful  in  preventing  any  ambiguity  in  tlie  field-iiDlea 
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gent  screw.  Then  unclamp  above  and  turn  the  vernier  plate  till 
the  telescope  again  points  to  the  second  object,  the  first  reading 
remaioing  unchanged.  The  angle  will  now  have  been  measured  a 
aeeond  time,  but  on  a  part  of  the  circle  adjoining  that  on  -which  it 
was  first  measured,  the  second  arc  beginning  where  the  first  ended. 
The  diflerenco  between  the  first  and  last  reading  will  therefore  be 
twice  the  angle. 

This  operation  may  be  repeated  a  third,  a.  fourth,  or  any  num- 
ber of  times,  always  turning  the  telescope  back  to  the  first  object 
by  the  lower  movement,  (so  aa  to  start  ivith  the  reading  at  wliich 
the  preceding  observation  left  off)  and  turning  it  to  the  second 
object  by  the  upper  movement.  Take  the  difierence  of  the  first 
and  last  readings  and  divide  by  the  number  of  observations. 

The  advantage  of  this  method  is  that  the  errors  of  observation 
(i.  e.  sighting  sometimes  to  the  right  and  sometimes  to  the  left  of 
the  true  point)  balance  each  other  in  a  number  of  repetitions ; 
while  the  constant  error  of  graduation  is  reduced  in  proportion  to 
this  number.  This  beautiful  principle  has  some  imperfections  in 
practice,  probably  arising  from  the  slipping  and  straining  of  the 
clamps. 

(3T1)  Angles  of  dcllccliOD.  The  angle  of  deflection  of  one 
line  from  another,  is  the  ^"'s-  s^^. 

angle  which  one  line 
makes  with  the  other 
line  produced.  Thus,  in 
the  figure,  the  angle  of 
deflection  of  EC  from 
AE,  is  B'BC.     It  is  evidently  the  supplement  of  the  angle  ABO. 

To  measure  it  with  the  Transit,  set  the  instrument  at  E,  direct 
the  telescope  to  A,  and  then  turn  it  over.  It  will  now  point  in  the 
direction  of  AB  produced,  or  to  B',  if  the  2d  adjustment  of  Chapter 
II,  has  been  performed.  Note  the  reachng.  Then  direct  the 
telescope  to  C.  Note  the  new  reading,  and  their  difference  will 
be  the  required  angle  of  deflection,  B'BC, 

If  the  vernier  be  set  at  zero,  before  taking  the  first  observation, 
the  readings  for  objects  on  the  right  of  the  fii'sl;  line  will  be  less  than 
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180°,  an3  moro  than  180°  for  objects  on  the  left ;  conversely  to 
Art.  (368). 

(372)  Line  surrcyingi  Ths  survey  of  a  line,  such  as  a  road, 
&c.,  can  be  made  by  the  Theodolite  or  Transit,  witli  great  precis- 
ion ;  measuring  the  angle  ivhich  each  line  makes  with  the  preced- 
ing line,  and  noting  th^ir  Icngtlis,  and  the  necessary  ofEsets  on  each 
side. 

Short  lines  of  sight  should  ho  ayoided,  since  a  slight  inaccuracy 
in  setting  tlie  centre  of  the  instmment  exactly  over  or  under  the 
■point  previously  sighted  to,  would  then  much  affect  the  angle,  as 
noticed  at  close  of  Art.  (366).  Very  great  accuracy  can  be  ob- 
tained by  using  three  tripods.  One  would  be  set  at  the  first  sta^ 
tion  and  sighted  back  to  from  the  mstrument  placed  at  the  second 
station,  and  a  forward  sight  be  then  taken  to  the  third  tripod  placed 
at  the  third  station.  The  instmment  would  then  be  set  on  this 
third  tripod,  a  back  sight  taken  to  the  tripod  remEuning  on  the  se- 
cond station,  and  a  foresight  taken  to  tbe  tripod  brought  from  the 
first  station  to  the  fourth  station ;  to  which  the  inatrument  is  next 
taken :  and  ao  on.     This  is  especially  valuable  in  surveys  of  mines. 

The  field-notes  may  be  taken  as  directed  in  Chapter  III  of  Com- 
pass Surveying,  pages  149,  &e.,  the  angles  taking  the  place  of 
the  Beatings,  The  "  Checks  by  intersecting  Bearmgs,"  explained 
in  Art.  (216),  should  afeo  he  employed.  The  angles  made  on  each 
side  of  the  stations  may  both  be  measured,  and  the  equahty  of  their 
Bum  to  360°,  would  at  once  prove  the  accuracy  of  the  work. 

If  the  magnetic  Bearing  of  any  one  of  the  Imes  be  given,  and 
that  of  any  of  the  other  lines  of  the  series  be  required,  it  can  be 
deduced  by  constructing  a  diagram,  or  by  modifications  of  the  rules 
given  for  the  reverse  object,  in  Art.  (243). 

(373)  Traversing ;  Or  SHrveying  fey  the  back-aoglc.  'XMs  is 
a  method  of  observing  and  recording  the  different  directions  of  suc- 
cessive portions  of  a  line,  (such  aa  a  road,  the  boundaries  of  a  farm, 
&e.,)  so  as  to  read  off  on  the  instrument,  at  each  station,  the  angle 
which  each  line  makes — not  with  the  preceding  line,  but — with  the 
first  hne  observed.  This  line  is,  therefore,  called  the  meridian  of 
that  survey. 
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Set  up  the  instrument  at  the  first  angle,  or  second  station,  (B, 
in  tlie  figuve),  of  the  Une  to  be  surreyeii.  Sight  to  A  and  then  to 
0.  Clamp  the  vernier,  and  lalte  the  instrument  to  C,  Loosen 
the  lower  clamp,  and  direct  the  telescope  to  B,  the  reading  remain- 
ing as  it  was  at  E.  Clamp  helow,  loosen  above,  aad  sight  to  D. 
The  reading  of  the  instrument  will  be  the  angle  which  the  line  CD 
mates  with  the  first  line,  or  Meridian,  AB. 

Take  the  instrument  to  D.  Sight  back  to  C,  and  tlien  forward 
to  E,  aa  before  directed,  and  the  reading  of  the  iusti'uincnt  will  be 
tie  angle  which  DE  makes  with  AB. 

So  proceed  for  any  number  of  lines. 

"When  the  Transit  is  uaed,  the  angles  of  deflection  of  ea^h  line 
from  the  first,  obtained  by  reversing  the  telescope,  may  be  used  in 
"Traversing,"  and  with  much  advantage  when  the  successive 
Unes  do  not  differ  greatly  in  their  directions. 
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The  survey  represented  in  the  figure, 
is  recorded  in  the  first  of  the  accompa- 
nying Tables,  as  observed  with  the  The- 
odolite ;  and  in  the  second  Table,  as 
observed  with  the  Transit. 

The  chief  advantage  of  this  method  is  its  gi-eater  rapidity  in  tiie 
field  aaad  m  platting,  the  angles  being  all  laid  down  from  one  meri- 
dian, as  m  Compass-surveying.  This  also  increases  the  accuracy 
of  the  plat,  since  any  error  in  the  direction  of  one  line  does  not 
affect  the  directions  of  the  following  lines.* 

(374)  Else  of  the  Compass.  The  chief  use  of  the  Compass 
attached  to  a  Transit  or  Theodolite,  is  as  a  check  on  the  observit- 
tions ;    for  the  difference  between  the  magnetic  Bearings  of  any 

"  If  there  are  two  verniers ;  take  care  Eilways  ia  read  tho  degrees  from  the 
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two  Knes  should  be  tlie  same,  approsimatel/j  as  the  angle  between 
them,  measured  by  the  more  accurate  instruments.  The  Bearing 
also  prevents  any  ambiguity,  as  to  whether  an  angle  waa  taken  to 
the  right  or  to  the  left. 

The  instrument  may  also  be  used  Hte  a  simple  compass,  the  tele- 
scope taking  the  place  of  the  sights,  and  requiring  amilar  tests  of 
accuracy.  A  more  precise  way  of  taiing  a  Bearing  is  to  turn  the 
plate  to  which  the  compass  box  is  attached,  iiU  the  needle  pointa 
to  zero,  aod  note  the  reading  of  the  vernier ;  then  sight  to  the 
object,  and  again  read  the  vernier.  The  Bearing  will  thus  be 
obtained  more  minutely  tlian  the  divisions  on  the  compass  box 
could  give  it. 

(375)  Measuring  dislances  iritli  a  telescope  and  rosl.     On 

the  cross-hair  ring,  described  in  Art.  (3S0),  stretch  two  more  hori- 
zontal spider-threads  at  equal  distances  above  and  below  the  origi- 
nal one  ;  or  all  may  be  replaced  by  a  plate  of  thin 
glass,  placed  precisely  in  the  focus,  wil^  the  necessary 

lines,  as  in  the  figure,  etched  by  fluoric  acid.     Let  a   — ~ — 

rod,10  orl5feetlong,beheldopatl000feefcoff,and  \        | I 

let  there  he  marked  on  it  precisely  the  length  which  -~~~-^ 
the  distance  between  two  of  these  lines  covers.  Let  this  ho  subdi- 
vided as  minutely  as  the  spaces,  painted  alternately  white  and 
red  and  numbered,  can  be  seen.  If  ten  subdivisions  are  made, 
each  will  represent  a  distance  of  100  feet  off,  and  so  on.  Con- 
tinue these  divisions  over  the  whole  length  of  the  rod.  It  is  now 
ready  for  use.  The  French  call  it  a  stadia.  When  it  is  held  up 
at  any  unknown  distance,  the  number  of  divisions  on  it  intercepted 
between  the  two  lines,  will  indicate  the  distance  with  considerable 
precision.    It  should  be  tested  at  various  distances. 

A  "  Levelhng-rod,"  divided  into  feet,  tenths  and  hundredths, 
may  be  used  as  a  stadia,  with  less  convenience  but  more  precision. 
Experiments  must  previously  determine  at  what  distances  the 
space  between  the  lines  in  the  telescope  covers  one  foot,  &c.  Then, 
at  any  unknown  distance,  let  the  sliding  "  target"  of  the  rod  be 
moved  till  one  line  bisects  it,  and  its  place  on  the  rod  be  read  off; 
let  the  target  be  then  moved  so  that  the  other  line  bisects  ic  and  let 
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its  place  be  again  noted.  Then  the  required  distance  ivill  bo  equal  to 
the  difference  of  the  readings  on  the  rod,  in  feet,  multiplied  by  the 
distance  at  which  a  foot  was  intercepted  between  the  lines. 

One  of  the  horizontal  hairs  may  be  made  movable,  and  ita  dis- 
tance from  the  other,  when  the  space  between  them  exactly  covers 
an  object  of  knoivn  height,  can  be  very  precisely  measured  by 
counting  the  number  of  turns  amd  fractions  of  a  turn,  of  a  screw 
by  which  this  movable  hair  ia  raised  or  lowered.  A  eimpla  pri> 
portion  will  then  ^ve  the  distance. 

On  sloping  ground  a  double  coiTection  is  necessary  to  reduce 
tJie  slope  to  the  horizon  and  to  correct  the  oblique  view  of  the  rod. 
The  horizontal  distance  is,  in  consequence,  approximately  equal  to 
the  observed  distance  multiplied  by  the  square  of  the  cosine  of  the 
slope  of  the  ground. 

The  latter  of  the  above  two  corrections  wiU  he  dispensed  i\ith 
by  holding  the  rod  perpendicular  to  the  line  of  sight,  mtli  the  aid 
of  a  right  angled  triangle,  one  side  of  which  coincides  with  the  rod 
at  the  height  of  tho  telescope,  and  the  other  side  of  which  adjoining 
the  right  angle,  is  caused,  by  leaning  the  rod,  to  point  to  the  tele- 
scope. 

Other  contrivances  have  been  used  for  the  same  object,  such  as 
a  Binocular  Telescope  with  two  eye-pieces  inclined  at  a  certain 
angle ;   a  Telescope  with   an  object-glasa   cut  into  two  movable 


(376)  Kanijtng  out  liaes.  This  is  the  convei-se  jf  Rupveymg 
lines.  Tlie  instiument  is  fixed  over  the  fiiat  station  with  gieit 
precision,  its  telescope  being  veiy  ciiefully  adjubted  to  miie  m  % 
vertical  plane  A  seiies  of  stii.e=!,  with  n'als  druen  m  their  top«, 
or  otherwise  well  defined,  aie  then  set  m  the  desiied  Ime  ts  fw 
as  the  power  of  the  instrument  extenls  It  la  tlien  t%ken  iorwiid 
to  a  stake  three  oi  fjui  fiom  the  list  one  set  ind  n  fib.ed  over  it, 
first  by  the  plumb  and  then  b^  fi^htnig  bickwaid  and  toiward  to 
the  first  and  last  stake  The  line  is  then  continued  as  lefue  A 
good  object  for  a  long  -iight  is  a  boaid  painted  like  %  target,  with 
black  and  white  coneentnu  nngs,  and  made  to  slide  m  gioo^es  cut 
in  the  tops  of  two  bt  1  es  \.i  m  tli>-  ^i  m  1  1,1  ut  in  tJie  hi  e  It 
IT 
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is  mored  tail  the  vertical  hair  bisects  the  circles  (which  the  eye 
can  detennine  with  great  precision)  and  a  plumb-line  dropped  from 
their  centre,  ^ves  the  place  of  the  stake.  "  Mason  k  Dixon'3 
line"  wae  thus  ranged. 

If  a  Transit  be  used  for  ranging,  its  "  Second  Adjustment"  is 
most  important  to  ensure  the  accuracj  of  the  reversal  of  its  Tele- 
scope. If  a  Theodolite  be  used,  the  line  is  continued  by  turning 
the  vernier  180°,  or  by  reversing  the  tolescopo  in  its  Y^j  as  noticed 
in  Arts.  (325)  and  (362). 

(SIT)  Farm  Surveying,  fee.  A  large  farm  can  be  most  easily 
aiid  accurately  surveyed,  by  measuring  the  angles  of  its  main  boun- 
daries (and  a  few  main  diagonals,  if  it  be  very  large,)  with  a  The- 
odolite or  Transit,  as  in  Arts.  (366)  or  (371),  aad  filling  up  the 
interior  details,  as  fences,  &o.,  with  the  Compass  and  Chain. 

If  the  Theodolite  be  used,  Fig-  35S. 

teep  the  field  on  the  left 
hand,  as  in  following  the  or- 
der of  the  letters  in  this 
figure,  and  turn  the  telescope 
around  "  with  the  sun,"  and 
tJiQ  uigles  measured  as  in  ; 
Art.  (SS6),  will  be  the  interior  aiigles  of  the  field,  as  noted  in  the 
figure. 

The  accuracy  of  the  work  will  be  proved,  as  alluded  to  in 
Art.  (257) ,  If  the  sum  of  all  the  interior  angles  be  equal  to  the  pro- 
duct of  180°  by  the  number  of  sides  of  the  figure  less  two.  Thus 
in  the  figure,  the  sum  of  all  the  interior  angles  =  540°  =  180°  X 
(5  —  2) .  The  sum  of  the  exterior  angles  would  of  course  equal 
180°  X  (5  +  2)  =  1260°. 

If  the  Trandt  be  used,  the  farm  should  be  kept  on  the  right 
hand,  and  then  the  angles  measured  ivill  be  the  supplements  of  the 
interior  angles.  If  the  angles  to  the  right  be  called  positive,  and 
those  to  the  left  negative^  their  algebraic  sum  should  equal  360°. 

If  the  boundary  lines  be  surveyed  by  "  Traversing,"  as  in  Art. 
(373),  the  reading,  on  getting  baok  to  the  last  station  and  looking 
back  to  iJic  first  line,  should  be  §00°,  or  0°. 
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The  content  of  any  surface  surveyed  by  "  Traversing  "  with  the 
Transit  can  be  calculated  bj  the  Traverse  Table,  as  in  Chapter 
VI,  of  Part  III,  by  the  following  modification.  When  the  angle 
of  deflection  of  tiny  side  from  the  first  aide,  or  Meridian,  is  less  than 
90°,  cal!  this  angle  the  Bearing,  find  ita  Latitude  and  Departure, 
and  call  them  both  phts.  When  the  angle  ia  between  90°  and 
180°,  call  the  difference  between  tlie  angle  and  180°  the  Bearing, 
and  call  its  Latitude  mimts  and  its  Departure  plua.  When  the 
angle  ia  between  180°  and  270°,  call  its  difference  from  180°  the 
Bearing,  and  ca]I  its  Latitude  minus  and  its  Departure  minus. 
When  the  angle  ia  more  than  270°,  call  its  difference  from  360° 
the  Bearing,  and  call  its  Latitude  ^lus  and  its  Departure  minus. 
Then  use  these  as  in  getting  the  content  of  a  Compas*isurvey. 
The  signs  of  the  Latitudes  and  Departures  follow  those  of  the 
cosmea  and  sines  in  the  successive  quadrants. 

Town-Swrveying  would  be  performed  as  dkected  in  Art.  (361), 
BuJistituling  "  angles  "  for  "  Bearings,"  "  Traversing  "  is  tho  best 
method  in  all  these  cases. 

Inaaoessihle  areas  would  be  surveyed  nearly  as  in  Art.  (134), 
except  that  the  angles  of  the  Ihies  enclosing  the  space  would  be 
measured  with  the  instnnnent,  instead  of  with  the  chain. 

(378)  Platting:.  Any  of  these  'surveys  can  be  platted  by  any 
of  the  methods  explained  and  characterized  in  Chapter  IV,  of  the 
preceding  Part.  A  circular  Proti'actor,  Art.  (264),  may  be 
regarded  as  a  Theodolite  placed  on  the  paper,  "  Platting  Bear- 
ings," Art.  (S®5),  can  be  employed  when  the  survey  has  been 
made  by  "  Traversing."  But  the  metlioS  of  "  Latitudes  stud  De- 
partures," Art.  (285),  is  by  far  the  most  accurate. 
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By  His  Fourth  Method. 

(579)  Teiahgular  SuavEYiKG  is  founded  on  the  Fourth  Method 
of  determining  the  position  of  a  point,  by  the  intersection  of  two 
known  lines,  as  given  in  Art.  (8) .  Ej  an  extenaion  of  the  princi- 
ple, a  field,  a  farm,  or  a  country,  can  be  suryeyed  by  measuring 
only  one  line,  and  calculating  all  the  other  desired  distances,  which  are 
made  sides  of  a  connected  series  of  imagmary  TriangUs,  whose 
angles  are  carefully  measured.  The  district  surveyed  is  covered 
with  a  sort  of  net-work  of  such  triangles,  wheace  the  name  given  to 
this  kind  of  Surveying.  It  is  more  commonly  called  "  Trigonome- 
trical Surveying;"  and  sometimes  "Greodesic  Surveying,"  hut  im- 
properly, since  it  does  not  necessarily  take  into  account  the  curv- 
ature of  the  earth,  though  always  adopted  in  the  great  surveys  in 
which  that  is  considered. 


(380)  Oistfine  of  operatlensi  A  base  line,  as  long  as  p 
(5  or  10  miles  in  surveys  of  countries),  is  measured  with  e 
accuracy. 

Prom  its  extremities,  angles  are  taken  to  the  most  distant  objects 
visible,  such  as  steeples,  signals  on  mountain  tops,  &c. 

The  distances  to  these  and  between  these  are  then  calculated  hy 
the  rules  of  Trigonometry. 

The  instrament  is  then  placed  at  each  of  these  new  stations,  and 
angles  are  talien  from  them  to  still  more  diatanfc  stations,  the  calcu- 
lated lines  being  used  as  new  base  lines. 

This  process  is  repeated  and  extended  till  the  Tvhole  district  ia 
embraced  by  these  "  primary  triangles  "  of  as  large  sides  ai 
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Ono  side  of  the  last  triangle  is  so  located  tliat  its  length  can  be 
obtained  hy  measurement  as  ivell  as  by  calculation,  and  the  agree- 
ment of  the  two  proves  the  accuracy  of  the  whole  work. 

Within  these  primary  triangles,  secondary  or  smaller  triangles 
are  formed,  to  fix  the  position  of  the  minor  local  details,  and  to 
serve  as  starting  points  for  common  surveys  with  chain  and  com- 
pass, &c.     Tertiary  triangles  may  also  he  required, 

The  larger  triangles  are  first  formed,  and  tho  smaller  onea  based 
on  them,  ia  accordance  with  the  important  principle  in  all  aui'vey- 
ing  operations,  always  to  work  from  the  whole  to  the  parts,  and  from 
greater  to  less. 

Each  of  these  steps  will  now  he  considered  in  turn,  in  the 
following  order : 

1.  The  Base;  articles  (381),  (382). 

2.  Tho  Triangulation ;  articles  (383)  to  (399). 

3.  Modifications  of  the  method;  articles  (391)  to  (395). 


(381)  Measuring:  a  BasCi  Extreme  accuracy  in  this  is  n 
sary,  because  any  error  in  it  will  be  multiplied  in 
work.  The  ground  on  which  it  ia  located  must  be  smooth  and  nearly 
level,  and  its  extremities  must  be  in  sight  of  the  chief  points  in  the 
neighborhood.  Its  point  of  beginnmg  must  be  marked  by  a  stone 
sot  in  the  ground  with  a  bolt  let  into  it.  Over  this  a  Theodolite 
or  Transit  is  to  be  set,  and  the  line  "  ranged  out"  as  directed  in 
Art,  (376).  The  measurement  may  be  made  with  chains,  (which 
should  be  formed  like  that  of  a  watch,)  kn.  hut  best  with  rods.  We 
will  notice  in  turn  their  Materials,  Supports,  Alin&ment,  Levelling, 
and  Contaet. 

Aa  to  Materials,  iron,  brass  and  other  metais  have  been  used, 
but  are  greatJy  lengthened  and  shortened  by  changes  of  tempera- 
ture. Wood  is  affected  by  moisture.  Glass  rods  and  tubes  are 
preferable  on  both  these  accounts.  But  wood  is  the  most  conve- 
nient. Wooden  rods  should  be  straight^gr^ed  white  pine,  &c. ; 
well  seasoned,  baked,  soaked  in  boihng  oil,  painted  ajid  varnished. 
They  may  he  trussed,  or  framed  like  a  mason's  plumb-line  level,  to 
prevent  their  bending.  Ten  or  fifteen  feet  is  a  convenient  length. 
Three  are  required,  which  may  be  of  different  colors,  to  prevent 
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recording      TL       a    t  1       e  tuU}     0   1       1 

with  a  standard  measi  e 

.Supports  must  be  p  0  led  fo  the  loda  m  aec  rate  ivo  L. 
Posts  set  in  line  at  distances  e  ^  al  to  tl  e  leagtl  of  the  loda  may 
be  driven  or  sawed  to  1  u  iform  1  ealtle  okl  lo  them 
either  directly,  or  on  beams  a  i  ttle  sho  ter  Tr  p  1  0  t  esti  a 
with  screws  in  their  foj-S  to  ra  e  0   lo  er  the  en  la  of  the  joda 

resting  on  them,  oi-  blocks  iv  tl    tl    ee  lon^  sc  ew3  1  ass  u^  tl   oiij,l 
them  and  serving  as  le^    may  ako  be    se-1      '^tave?  0   le^,    f 
the  rods  have  been  use  I    these  legs  beamia  j  e  es  wh  cl  can  shda 
up  and  down  them  anl  on  which  the  rods  them  el    9   e  t 

The  AUnement  of  the  rols  cm  le  effeotel  f  tl  y  a  e  laid  on 
the  ground,  by  strings  Ho  0  th  ee  h  1  el  fe  t  1  „  st  et  1  el 
between  the  stakes  set  the  b  e  1  tcl  ed  pe^,  beuij,  1  yen  vhe 
the  measurement  has  e  cl  ed  th  en  I  of  0  e  t  ing  wh  ch  :ia  then 
taken  on  to  the  next  pnu  of  stakes  or  f  the  ro  Is  est  on  sup[  0  ta 
by  projecting  points  on  the  ro  Is  1  eu  ^  al  ned  1  y  the  n&tn  n  eat 

The  Levelling  of  tl  e  ro  Is  can  be  j  e  f  n  e  1  ath  1  c  mmon 
mason's  level ;  or  the     a  Je  me      re  1     f     ot  1 0  izontal  by  a 


The  ContaatB  of  the  1  njle  ffctlbylr  nging  them  end 
to  end.  The  third  r  1  m  st  be  i[  [  I  1  to  t!  e  se  n  1 1  f  e  the 
first  has  been  removed  to  letcct  ny  mo  e  ent  Tl  e  e  I  mu  t 
be  protected  by  metal  inl  si  oull  be  0  le  1  (^  tl  1  )  1I 
to  length  of  rod)  so  as  to  touch  in  only  one  pomt.  Round-headed 
najla  will  answer  tolerably.  Better  are  small  steel  cylinders,  hori- 
zontal on  one  end  and  vertical  on  the  other.  Sliding  ends,  with 
verniers,  have  been  used.  If  one  rod  be  higher  than  the  next  one, 
one  must  be  brought  to  touch  a  plumb-line  which  touches  the  other, 
and  its  thickness  be  added.  To  prevent  a  shock  froui  contact,  the 
rods  may  be  brought  not  quite  in  contaot,  and  a  wedge  be  let  down 
bet\i'een  them  till  it  touches  both  at  known  points  on  its  graduated 
edges.  The  rods  may  be  laid  side  by  side,  and  lines  drawn  across 
the  end  of  each  be  made  to  comcide  or  form  one  line.  This  is  more 
accurate.  Still  better  is  a  "  visual  contaot,"  a  double  microscope 
with  cross-hairs  being  used,"So  placed  that  one  tube  bisects  a  dot 
at  the  end  of  one  rod,  and  the  other  tube  bisects  a  dot  at  the  end 
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of  tlie  next  rod.    The  rods  thus  never  toncli.     Tlie  distancfi 
between  the  two  sets  of  cross-hairs  is  of  course  to  be  added. 

A  Base  could  be  measured  over  very  uneven  ground,  or  eves' 
water,  by  suspending  a  series  of  rods  from  a  sti-etcbed  rope  by 
rings  in  which  they  can  move,  and  levelling  them  and  bringing 
them  into  contact  as  above, 

(2§3)  C®n'«CtiOB8  of  Base,  If  tlie  rods  were  not  lovol,  thoir 
length  must  be  reduced  to  its  horizontal  projection.  Tliia  woulfl 
be  the  square  root  of  the  difference  of  the  squares  of  the  length  of 
the  rod  (or  of  the  base)  and  of  the  height  of  one  end  above  the 
^tlier ;  or  tlie  product  of  the  same  length  by  the  cosine  of  the 
angle  which  it  makes  with  the  horizon,* 

If  the  roda  were  metallic,  they  would  need  to  be  c:iTected  for 
tomperature.  Thus,  if  an  iron  bar  expands  tssJtss  of  its  length 
for  1°  Jahrenheit,  and  had  been  tested  at  32°,  and  a  Base  had  been 
measured  at  ^2''  with  such  a  bar  10  feet  long,  and  found  to  contaii! 
3000  of  them,  its  apparent  length  would  be  30,000  feet,  but  iu 
real  length  would  be  8.4  feet  more.  An  iron  and  a  brass  ba 
can  be  so  combined  that  the  difference  of  their  expansion, 
causes  two  points  attached  to  their  ends  to  remain  at  the  samt 
distance  at  all  temperatiu'es.  Snch  a  combination  is  used  on 
tJie  TJ.  S.  Coast  Survey. 

(3§S)  Choice  of  Stations.  The  stations,  or  "Trigonometrical 
points,"  which  are  to  form  the  vertices  of  tlie  triangles,  and  to  be 
observed  to  and  from,  must  be  so  selected  that  the  resuliing  trian- 
gles maybe  "  well-conditioned,"  i,  e.  may  have  such  sides  and  angles 
liiat  a  small  error  in  any  of  the  measured  quantities  will  cause  the 
least  possible  errors  in  the  quantities  calculated  from  them.  The 
higher  Calculus  shows  that  the  triangles  should  be  as  nearly  equi- 
lateral as  possible.  This  is  seldom  attainable,  but  no  angle  should 
be  aduutted  less  than  30°,  or  more  than  120°. f 

'  More  precisely,  A  being  lliis  angle, and  not  morelhsiii  2"  or  'i'-',  the  diWer 
acce  between  tbe  inclined  and  horizontal  leugiba,  equals  the  incliued  or  real 
length  multiplied  by  lliB  square  of  the  miimtea  in  A,  and  that  by  the  decimill 
D.00000004231 ;  as  sbewu  iu  Appendix  B,  In  a  Geodesic  suiTey,  ttie  base  woald 
also  bs  required  to  be  reduced  to  the  level  of  fiie  see. 

i  When  (ivo  angles  only  are  obeevveJ,  as  is  often  ihe  cnse  m  the  secoiidapi 
triai-gulaiion,  (he  unoliserved  angle  ought  to  be  nearly  a  ciglit  angle. 
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To  extend  the  triangulation,  by  coiitmually  iacreiising  the  snilea 
of  the  triangles,  without  introducing  "ill-condidonod"  triangles, 
■  be  effected  as  iu  the  figure,     AU  is  the  meaau>red  base, 


C  and  D  are  the  nearest  stations.  In  the  triangles  ABC  and  AED, 
all  the  angles  being  observed  and  the  side  AB  known,  the  other 
sides  can  be  readily  calculated.  Then  in  each  of  the  trianglea 
DAC  and  DEC,  two  sides  and  the  contfuned  angles  are  given  to  find 
DO,  one  calculation  checking  the  other.  1)0  then  becomes  a  base 
to  calculate  EF ;  which  is  then  used  to  find  GH ;  and  so  on. 

The  fewer  primary  stations  used,  the  better ;  both  to  prevent 
confusion  and  because  the  smaller  number  of  triangles  makes  the 
correctness  of  the  results  more  "  probable." 

The  United  States  Ooast  Survey,  under  the  superintendence  of 
Prof,  A.  D.  Eache,  displays  some  fine  illustrations  of  these  princi- 
ples, and  of  the  modifications  they  may  undergo  to  suit  various 
localities.  The  figure  on  the  opposite  page  represents  part  of  the 
scheme  of  the  primary  triangulatron  resting  on  the  Massar 
chusetts  base  and  including  aome  remarkably  well-conditioned 
triangles,  as  well  as  the  system  of  quadrilaterals  which  is  a  valuable 
feature  of  the  scheme  nhen  tlie  sides  of  the  triangles  are  extended 
to  considerable  lengths,  and  quadrilaterals,  with  both  diagonals 
determined,  take  the  place  o^  simple  triangles. 

The  engraving  is  on  a  acale  of  1 :  1200,000. 
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(S84)  Si^Bals.     They  must  be  high,  conspicuous,  and  so  made 
that  the  instrument  can  be  placed  precisely  under  them. 

Three  or  four  timbera  framed  into  a 
pyramid,  as  in  fiie  figure,  with  a  long  mast 
projecting  above,  fulfil  the  first  and  last 
conditions.  The  mast  may  be  made  verti- 
cal by  directing  two  theodolites  to  it  and  ad- 
justing it  BO  that  their  telescopes  ioUow  it 
up  and  down,  their  lines  of  sight  being  at 
right  angles  to  each  other.  Guy  ropes 
may  be  used  to  keep  it  vertical, 

A  very  excellent  signal,  used  on  the  Massachusetts  State  Survey, 
by  Mr.  Borden,  is  represented  in  the  three  following  figures.     It 


consists  merely  of  thiee  '*toat  stiihs,  nhich  foim  i  tnfol,  framed 
with  the  signal  stafij  hj  a  bolt  passmg  through  theu  ends  and  its 
middle.  Fig,  260  represents  the  signal  i*  framed  on  the  ground , 
JKig.  261  shews  it  erected  and  ready  foi  observataon,  its  bise  being 
steadied  with  stones ,  and  Fig  262  shews  it  with  the  staff  turned 
aside,  to  make  room  foi  tlie  Theodolite  and  its  jio-  Fg  2:3 
tecting  tent.  The  heights  of  these  signaK  varied  be 
tween  15  and  80  feet 

Another  good  signal  consist}  of  %  stout  post  let  into 
the  ground,  with  a  mast  fastened  to  it  by  a  bolt  below 
and  a  collar  above.  Ey  oj  emng  the  collar,  the  ma'ft 
can  be  turned  down  and  the  Theoblite  bit  ewtly  ' 
under  the  former  euuiimt  of  the  =igiial,  1  e  mits^eiti 
cal  axis. 


UJ 


Signals  should  havL  i  h  i^ht  e  p.iil  r 


that  ^J, 


ii  rliPii  d'4- 
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tance,  so  aa  to  subtend  an  angle  of  lialf  a  miimte,  wliich  expe- 
rience has  slioiYii  to  be  the  least  allowable. 

To  make  the  tops  of  the  sigual-masts  conspicuous,  flags  may  ha 
attached  to  them ;  wliite  and  red,  if  to  be  seen  against  the  ground, 
and  red  and  green  if  to  be  seen  against  the  sky.*  The  motion  of 
flags  renders  them  visible,  when  much  larger  motionless  objects 
are  not.  But  they  are  useless  in  calm  iveather.  A  disc  of  sheet- 
iron,  mth  a  hole  in  it,  is  very  conspicuous.  It  should  be  arranged 
so  as  to  be  turned  to  face  ea«h  station.  A  bai'i-el,  formed  of  mus- 
lin sewn  together  four  or  five  feefc  long,  with  two  hoops  in  it  two 
feet  apart,  and  its  loose  ends  sewn  to  the  signal-staff,  which  passes 
through  it,  is  a  cheap  and  good  arrangement,  A  tuft  of  pine  bougha 
fastened  to  the  top  of  the  staff,  will  be  well  seen  against  the  sky. 

In  sunshme,  a  number  of  pieces  of  tiu  nailed  to  the  staff  at  dif- 
feient  angles,  will  be  very  conspicuous.  A  truncated  cone  of 
burnished  tm  will  leflect  the  sun's  rays  to  the  eye  m  almost  every 
situation  But  i '  heliotrope,"  which  is  a  piece  of  looking-glass, 
so  adjusted  is  to  reflect  the  sun  directly  to  any  desired  pomt,  b 
the  most  perfect  arrangement. 

For  night  signaJs,  an  Argand  lamp  is  used ;  or,  best  of  all.  Drum- 
mond's  light,  produced  by  a  sti-eam  of  oxygen  gas  directed  through 
a  flame  of  alcohol  upon  a  ball  of  lime.  Its  distinctness  is  exceed- 
ingly increased  by  a  parabolic  refiector  behind  it,  or  a  lens  in  front 
of  it.     Such  a  light  was  brilliantly  visible  at  66  miles  distance. 

(§8'>)  OliseJrvations  »f  tlte  Angles.  These  should  be  repeated 
as  often  as  possible.  In  extended  surveys,  three  sets,  of  ten  each, 
are  recommended.  They  should  be  taken  on  different  parts  of  ^e 
circle.  In  ordinary  surveys,  it  is  well  to  employ  the  method  of 
"  Traversing,"  Art.  (373),     In  long  sights,  the  state  of  the  atmos- 


Fig  2i,J 


sky  or  not,  m 

iinalea  BAZ  and  ZAO.  If  their 
lum  eqoak  or  exceeds  180",  A 
will   he  thus  sf-  ''— -  "     ■" 


Jf    ■ 
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phere  lias  a  veiy  reaiarkaljle  effect  on  both  the  visibility  of  the 
signals,  and  on  the  correctness  of  the  observations. 

When  many  angles  are  taken  from  one  station,  it  is  important  to 
record  them  by  some  uniform  system.  The  form  given  below  ia 
convenient.  It  will  ba  noticed  that  only  tiie  minutes  and  seconds 
of  the  second  vernier  are  employed,  the  degrees  being  all  taken 
tiom  the  first. 

Observations  at . 


STSTlliN 

RKADI 

a^. 

REAmsa. 

"p'recpX'I/t 

odsehyeji  10 

vi.:r.-;ier  a. 

EKfllEK  B. 

'"  ""■""! 

A 

70°  19'     0" 

18'    40" 

70"  18'  50" 

B 

lora^'  20" 

32'  40" 

103"  32'  30" 

R- 

C 

115''  14'  20" 

14'  5(1" 

R. 

When  the  angles  are  "repeated,"  Art.  (370),  the  multiple 
arcs  will  be  registered  under  each  other,  and  the  mean  of  the 
seconds  shewn  by  all  the  verniers  at  the  first  and  last  readings  be 
adopted. 

(386)  Reiliictioil  to  tiio  centre.  It  is  often  impossible  to  set 
the  mstrumont  precisely  at  or  under  the  signal  which  has  been 


In  such  cases  pro- 
ceed thus.  Let  C  be  tho  cen- 
tre of  the  signal,  and  ECL  the 
desired  angle,  H  being  tlie  right 
Laud  object  and  L  the  left  hand 
one.  Set  the  instrument  at  D, 
s  po^ible  to  C,  and 


It  may  bo 


less  than  RCL,  or  greater  than  it,  or  equal  to  it,  according  as  D 
lies  without  the  circle  passing  through  C,  L  and  R,  or  within  it,  or  in 
its  circumference.  The  instrument  should  be  set  as  nearly  as  pos- 
sible in  this  last  position.  To  find  the  proper  correction  for  the 
observed  angle,  observe  aiso  the  angle  LDC,  (called  the  &ngle  of 
direction),  counting  it  from  0°  to  360°,  going  from  the  left-hand 
object  toward  the  left ;  and  measure  the  distance  DO.  Calculato 
the  distances  CR  and  CL  with  the  angle  HDL  instead  of  RCL, 
since  they  are  sufficiently  nearly  equal.     Then 
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ECL  =  EDL  +  ™-"°-,'™'-+.™-°>  -  °°:":™''- 

GK  .  Bra.  1"  Oh  .  ma.l" 

The  laat  two  terms  will  be  the  number  of  seconds  to  be  added 
or  subtracted.  The  Trigononietrieal  signs  of  the  sines  must  be 
attended  to.  The  log.  sin.  1"  =4.  6855749.  Instead  of  dividing 
by  sin.  1",  the  correction  without  it,  which  will  be  a  verj  small 
fraction,  may  be  reduced  to  seconds  by  multiplying  it  by  206205. 

Hxample.  Let E.BL  =  32°  20'18".0e  ;  LDC  =  101°  15'  32"  .4 ; 
CD  =  0.9;  011  =  35845.12;  OL  =  29783.1. 

The  first  term  of  the  correction  will  be  +  3".7S0,  and  the 
second  term  —  6". 113.  Therefore,  the  observed  angle  RDL 
must  he  diminished  by  2".S63,  to  reduce  it  to  the  desired  angle 
KCL. 

Much  calculation  may  be  sared  by  taking  the  station  D  so  that 
all  tiie  signals  to  be  observed  can  be  seen  from  it.  Then  only  a 
smgle  tfetance  and  angle  of  direction  need  be  measured. 

It  may  also  happen  that  the  centre,  C,  of  tJie 
signal  cannot  be  seen  from  D.  Thi:^,  if  the  signal 
be  a  solid  circular  tower,  set  the  Theodolite  at  D, 
and  turn  its  telescope  so  that  its  line  of  sight  be-  . 
Gomes  tangent  to  the  tower  at  T,  T' ;  mea=iure  on 
these  tangents  er^ual  distances  DjE,  DF,  and  direct 
the  telescope  to  the  middle,  Q,  of  the  hne  EP  It 
will  then  point  to  the  eeutie,  C ,  and  the  distance  DC  will  equal 
the  distance  from  D  to  the  towei  plus  the  iilius  obtained  by  mear. 
suring  the  circumference 

If  the  signa'  be  rectanguki,  mn^ie  I>r,  DF         ^      ^^ 
Take  any  jjulnt  G  on  DE,  -Uid  on  DP  '^et  off  DH 

=  DG~.  Then  ia  GH  parallel  to  EF,  (muco 
DG  :  DH  : :  DE  :  DF)  -md  the  teleacoi  e  dnected 
to  its  middle,  K,  will  point  to  the  middle  of  the 
diagonal  EF.  We  shall  also  have  DO  =  DK  ■^-^. 
Any  such  case  may  be  solved  by  similar  methods. 


^';^N 
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The  ^^ Phase"  of  objects  is  the  effect  produced  by  the  aun 
Bhining  on  only  one  side  of  them,  so  that  tbe  telescope  -will  be 
directed  from  a  distant  station  to  the  middle  of  that  bright  side 
instead  of  to  the  true  centre.  It  is  a  source  of  error  to  bo  guarded 
against.     Ita  effect  may  however  be  calculated. 

(387)  Correction  ssf  !be  angles.  When  all  the  angles  of  any 
triangle  can  be  observed,  their  sum  should  equal  180.*  If  not  they 
must  be  corrected.  If  all  the  observations  are  considered  equally 
accurate,  one-third  of  tlie  difference  of  their  sum  from  180',  is  to  be 
added  to,  or  subtracted  from,  each  of  them.  But  if  the  angles  are 
the  means  of  unequal  numbers  of  observations,  their  errors  may  be 
considered  to  be  inversely  aa  those  numbers,  and  they  may  be  cor- 
rected by  this  proportion  ;  As  the  sum  of  the  reciprocals  of  each 
of  the  three  numbers  of  observations  Is  to  the  whole  en-or.  So  is 
the  reciprocal  of  the  number  of  observations  of  one  of  the  angles 
To  its  correction.  Thus  if  one  angle  was  the  mean  of  three  obser- 
vations, another  of  four,  and  the  third  of  ten,  and  the  sum  of  all  the 
angles  -was  180"  3',  tlie  first  named  angle  must  be  diminished  by 
the  fourth  term  of  this  proportion;  ^  +  ^  +  xV  ■  ^'  ••  s  •  1'27".8. 
The  second  angle  must  in  like  manner  be  diminished  by  1'  5". 9  ; 
and  the  third  by  26". 3.     Their  corrected  sum  will  then  be  180°. 

It  is  still  more  accurate  but  laborious,  to  apportion  the  total 
error,  or  difference  from  180°,  among  the  angles  inversely  as  the 
"  WeiffJits,"  explained  in  Art.  (569).  On  the  U.  S.  Coast  Survey,  in 
ax  triangles  measured  in  1844  by  Prof.  Bache,  the  greatest  error 
was  sis-tenths  of  a  second. 

(388)  Calcislation  and  platling.  The  lengths  of  the  sides  of 
the  triangles  should  be  calculated  with  extreme  accuracy,  in  two 
ways  if  possible,  and  by  at  least  two  persons.  Plane  Trigonometry 
may  be  vse&  for  even  large  surveys  ;  for,  though  these  sides  are 
really  area  and  not  straight  lines,  the  difference  will  be  only  one- 

*  If  ihe  triangles  were  very  large,  they  wonM  have  to  be  regarded  aa  apliericBl, 
and  the  sum  of  Iheiv  angles  would  be  more  than  180" !  but  ibis  "  spherical  ex 
<es3"  would  be  ouly  1"  for  a  triangle  oontniiiiiig  78  square  miles,  1  fof  4500 
BcjHSve  ciil'.fl,  &c,;  Hiid  may  therefore  ba  neglected  in  all  orcJiEarj  surveying  ope- 
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twentieth  of  a  foot  in  a  distance  of  11^  miles  ;  lialf  a  foot  in  23 
miles ;  a  foot  in  34^  miles,  &e. 

The  platting  is  most  correctly  done  by  constructing  the  triangles, 
as  in  Art.  (90),  by  means  of  the  calculated  lengths  of  their  sides. 
If  the  measured  angles  are  platted,  the  heat  method  is  that  of 
chords,  Art.  (275).  If  many  triangles  are  successively  based  od 
one  another,  they  will  he  platted  most  accurately,  by  referring  all 
their  aides  to  some  one  meiidian  Jine  hy  means  of  "  Rectangular  Co- 
ordinates," the  Method  of  Art.  (6),  and  platting  as  in  Art.  (STI.) 
In  the  survey  of  a  country,  this  Meridian  would  be  the  true  North 
and  South  line  passing  tlirough  some  irell  determiued  point. 


(389)  Base  of  VcriEcatbn,  As  menlioned  in  Ai't.  (380),  a 
side  of  the  last  triangle  is  so  located  that  it  can  be  measm-ed,  as 
■was  the  first  base.  If  the  measured  and  calculated  lengths  agree, 
this  -proves  the  accuracy  of  all  the  previous  work  of  measurement 
and  calculation,  smce  the  whole  is  a  chain  of  ifhich  this  is  the  last 
link,  and  any  error  in  any  previous  part  would  affect  the  very  last 
line,  except  by  some  improbahle  compensation.  How  near  the 
agreement  should  he,  will  depend  on  the  nicety  desired  and  att^ed 
in  the  previous  operations.  Two  bases  60  miles  distant  differed 
on  one  great  English  survey  28  inches ;  on  another  one  inch ;  and 
on  a  French  trianguZatioa  extending  over  500  miles,  the  difference 
was  less  than  two  feet.  Results  of  equal  or  greater  accuracy  are 
obtained  on  the  U.  S.  Coast  Survey. 


(390)  Interior  filling  np  ihe  statmns  ■\\ho5e  positions  ha^u 
been  I'-teimmed  bv  the  tiianj,ulatiun  aiu  so  muij  h\cd  lomts, 
from  which  moie  minute  suntys  may  start  inl  mteipolate  any 
othei  pnmts  The  Tngonometncal  pomts  aip  lile  the  obseiied 
Latitudes  and  Longitudes  which  the  maiuner  obtains  at  every  oppor- 
tumty,  so  aa  to  take  a  new  depai'ture  from  them  and  determine 
his  course  in  the  intervals  by  the  less  precise  methods  of  his  com^ 
pass  and  log.  The  chief  interior  points  may  be  obtained  hy  "  Se- 
condary Triahgulation,"  and  the  minor  details  be  then  filled  in  hy 
any  of  the  methods  of  surveying,  with  Chain,  Compass,  or  Ti'an^t, 
already  explained,  or  by  the  Plane  Table,  described  in  Part  VIII. 
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With  the  Transit,  or  Theodolite,  "  Traversing"  is  the  best  mode  of 
surveying,  the  instrument  being  set  at  aero,  and  being  then 
directed  from  one  of  the  Trigonometrical  points  to  another,  which 
line  therefore  becomes  the  "  Meridian"  of  that  suiTej.  On  reach- 
ing tliia  second  point,  in  tlie  course  of  the  survey,  and  sighting  back 
to  the  first,  the  reading  should  of  course  be  0°,  as  explained  in 
Art.  (Sn). 

(391)  Kadiatin^  Trlan^iilation.  This  name  may  be  given  to 
a  method  shown  in  the  figure.     Choose  Fig.  2GS. 

a  conspicuous  point,  0,  nearly  in  the 
centre  of  the  field,  or  farm  to  be  sur- 
veyed. JFind  other  points.  A,  B,  C, 
D,  &c.  such  that  the  signal  at  0  can  be 
seen  fix)m  all  of  them,  and  that  the  tri- 
angles AEO,  ECO,  &c,  shall  be  as 
nearly  equilateral  as  possible.  Mea- 
sure one  side,  AB  for  example.  At  A 
measure  the  angles  GAB,  and  OAG ;  at 
B  meaaui-e  the  angles  OEA  and  OBO ;  and  so  on,  ai-ound  the 
polygon.  The  correctness  of  these  measurements  may  be  tested 
by  the  sum  of  the  angles,  as  in  Art,  (%7T).  It  may  also  be  tested 
by  the  Trigonometrical  principle  that  the  product  of  the  sines  of 
every  alternate  angle,  or  the  odd  numbers  in  the  figure,  should 
equal  the  product  of  the  sines  of  tlio  remaining  angles,  the  even 
numbers  in  the  figure.* 

The  calculations  of  the  unknown  sides  arc  readily  made.  In  the 
triangle  ABO,  one  aide  and  all  the  angles  are  given  to  find  AG 
and  BO.  In  the  triangle  BCO,  BO  and  all  the  angles  are  given  to 
find  BC  and  CO ;  and  so  with  the  rest.  Another  proof  of  the 
accuracy  of  the  work  will  be  given  by  the  calculation  of  the  length 
of  the  side  AG  in  the  last  ttiangle,  agreeing  with  its  length  aa 
obtained  in  the  first  triangle. 

(392)  Farm  Triangiilatlon.  A  Farm  or  Field  may  bo  surveyed 
by  the  previous  methods,  but  the  following  plan  will  often  be  more 
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convenient.  Choose  abase,  as  Xy,ivitlim 

the  field,  aad  from  its  ends  measure  the 

angles  between  it  and  the  flireetion  of 

each  corner  of  the  field,  if  the  Theodo-  F' 

lite  or  Transit  he  used,  or   take   tlie 

bearing  of  each,  if  the  Compass  be  used. 

Consider  first  tlie  triangles  which  have 

XY  for  a  base,  and  the  corners  of  the  field,  A,  B,  0,  &c.,  for 

vertices,   '  In  each  of  them  one  side  and  the  angles  will  be  knowa  to 

find  the  other  sides,  5A,  XB,  &c.     Then  consider  the  field  aa 

made  up  d  tiiingles  T\inch  hive  their  vertices  it  X      In  each  of 

tliem  two  side^  anl  the  mcluded  angle  will  be  given  to  find  its 

content   is  m  Ait   (65)      If  Y  he  then  til  en   oi  the  common 

vertet  a  test  of  the  ioimei  worh  will  be  obtained 

The  opeiation  wdl '  e  somewhat  simplified  bj  t\king  f  i  tlip  1  ase 
line  a  d  i_uj  il  of  the  fii.ll  or  one  of  ts  s  de=( 


(J93)  Inifccissble  Aieis      4.  fi  Id  oi  fa  lu  uny  '  <•  'iinc^ed, 
bjthii     FoirthMethol," without  entermp,  t  g  "  0 

it  Choose  a  base  line  XI,  fiom  which  all 
the  comeis  of  the  field  cnn  be  seen  Take 
their  Ee'inng?,  or  the  ingles  between  the 
Base  hne  and  then  diiections  The  dia- 
tanees  fiom  X  and  Y  to  each  of  them  can 
be  calculated  as  m  the  last  article  The 
figme  mil  then  shew  m  whitmamei  the 
content  of  the  field  is  the  diffeience  between 
the  contents  of  the  triangles,  having  X  (or  Y)  for  a  vertex,  which 
lie  outside  of  it,  and  those  which  lie  partly  within  the  field  and  partly 
outside  of  it.  Their  contents  can  be  calculated  as  in  the  last  article, 
and  their  difference  will  be  the  desired  content.  If  the  figure  be 
regarded  aa  generated  by  the  revolution  of  a  line  one  end  of  which  is  at 
X,  while  its  other  end  passes  along  the  boundaries  of  the  field,  short- 
ening and  lengthenmg  accordingly,  and  if  those  triangles  generated 
by  its  movement  in  one  direction  be  called  plus  and  those  generated 
by  the  contrary  movement  be  called  mtmis,  their  algebraic  sum 
will  be  the  content. 

18 
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(SM)  iDTCrsion  »f  t&e  Fourfti  Klcthod.  In  all  the  opera- 
tions ivhicli  have  hecn  explained,  the  position  of  a  point  has  been 
determined,  as  in  Art.  (8),  by  taking  the  angles,  or  bearings,  of 
two  lines  passing  from  the  two  ends  of  a  Ease  line  to  the  unknown 
point.  But  the  same  determination  may  be  effected  inversely,  by 
taMng  from  the  point  the  hearings,  by  compass,  of  the  two  ends  of 
the  Ease  line,  or  of  any  two  known  pointg.  The  unknown  point 
will  then  be  fixed  by  platting  from  the  two  knowQ  points  the  oppo- 
site bearings,  for  it  wUl  he  at  the  intersection  of  the  lines  thus 
determined. 

(395)  defects  »f  tlie  Method  of  Intersection.  The  determi- 
nation of  a  point  by  the  Tourth  Method  (enunciated  in  Art.  (8), 
and  developed  in  this  Part)  founded  on  the  intersection  of  lines, 
has  the  serious  defect  that  the  point  sighted  to  will  be  very  indefi- 
nitely determined  if  the  lines  which  fix  it  meet  at  a  very  acute  or 
a  very  obtuse  angle,  which  the  relative  positions  of  the  points  observed 
from  and  to,  often  render  unavoidable.  Intersections  at  right 
angles  should  therefore  be  sought  for,  so  far  as  other  consideration  a 
will  permit. 
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B'j  the  Fifth  Method. 

(396)  Teilinear  Sobveyins  is  founded  ob  the  Fifth  Method  of 
determining  the  position  of  a  point,  by  measuring  the  angles  betwen 
three  lines  conceived  to  pass  from  the  required  point  to  three 
known  points,  as  illustrated  in  Art.  (10). 

To  fix  the  place  of  tbe  point  from  these  data  is  much  more  diffi- 
cult than  in  the  preceding  mctliods,  and  is  known  as  the  "  Problem  of 
the  three  points."  It  will  he  here  solved  Geometrically,  Instru- 
mentally  and  Analytically. 


(.391")  Geometrical  Solution.    Let  A,  B  and  0  be  the  known 


objects  observed  from  S,  the  angles  ASB  and  BSC  being  there 
measured.  To  fix  this  point,  S,  on  the  plat  containing  A,  B  and 
C,  draiT  lines  from  A  and  E,  making  angles  ivitli  AB  each  enual 
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to  90° — ASB.  Tlie  intersection  of  tiicso  lines  at  0  will  be  the 
centre  of  a  circle  passing  through  A  and  E,  in  the  circumference 
of  which  the  point  S  will  be  situated!*  Describe  this  circle.  Also, 
draw  lines  from  S  and  C,  making  anglea  with  BO,  each  equal  to 
SO" — BSC.  Their  intersection,  0',  will  be  the  centre  of  a  circle 
passing  through  B  and  C.  The  point  S  will  he  somewhere  in  its 
circumference,  and  therefore  ia  ita  intersection  with  tJio  fonner 
ciroumferenee.     The  point  is  thua  determined. 

In  the  figure  ftie  observed  anglea,  ASB  and  ESC,  are  supposed 
b  have  been  respectively  40°  and  C0°.  The  angles  set  off  are 
therefore  50°  and  30°,  The  central  angles  are  consequently  80° 
and  120°,  twice  the  observed  angles. 

The  dotted  lines  refer  to  the  checks  explained  in  the  latter  part 
of  this  article. 

When  one  of  the  angles  is  obtuse,  set  o£F  its  difference  from  90° 
on  the  oppcsite  side  of  the  line  joining  the  two  objects  to  that  on 
which  the  point  of  observation  lies. 

When  the  angle  ABC  is  equal  to  tiie  supplement  of  the  sum  of 
the  observed  angles,  the  position  of  the  point  will  be  mdet«rminate ; 
for  the  two  centoes  obtained  will  coincide,  and  the  circle  described 
from  tins  common  centre  m\\  pass  tlirough  the  three  points,  and 
any  point  of  the  circumference  will  fulfil  tlie  conditions  of  the  prob- 
lem. 

A  third  angle,  between  one  of  the  three  points  and  a  fourth 
point,  should  always  be  observed  if  possible,  and  used  like  the 
others,  to  serve  as  a  check. 

Many  tests  of  the  correctness  of  fee  position  of  the  pomt  deter- 
mined may  be  employed.  The  amplest  one  is  that  the  centres  of 
the  cb'cles,  0  and  0',  sliould  lie  in  the  perpendiculars  drawn  through 
tbe  middle  points  of  the  lines  AB  and  BO. 

Another  is  that  the  Ime  BS  should  be  bisected  perpendicularly 
by  the  line  00'. 

A  third  check  is  obtained  by  drawing  at  A  and  0  perpendiculars 
to  AB  and  OB,  and  producing  them  to  meet  EO  and  EO'  produced, 

'  For,  llio  m-c  AB  nieasuvea  the  angle  AOB  Bt  the  oeutie,  which  angle  =  ]80« 
—2  (80°  —  ASB)  =-  9  ASB.  Thecefoi'e,  any  angle  inscribed  m  the  cii-cnmier- 
encB  and  measared  liy  the  Earns  arc  ia  equal  lo  ASB 
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in  D  and  E.  The  line  LE  stould  pass  tlirough  S ;  for,  the  angles 
BSD  and  BSE  being  riglifc  angles,  the  lines  DS  and  SB  form  one 
straight  line. 

The  figure  shews  these  three  clieclis  by  its  dotted  lines. 

(S98)  lostrameiital  Solution.  The  preceding  process  is  tedious 
where  many  stations  are  to  be  determined.  Thej  CEUi  be  moi'O 
i-eadilj  found  hj  an  instrument  called  a  Statimi-^ointer,  or  CJwro- 
graph.  It  consists  of  three  arms,  or  straight-edges,  turning  about 
a  common  centre,  and  capable  of  being  set  so  as  to  make  with  each 
other  any  angles  desired.  This  is  effected  by  means  of  graduated 
arcs  carried  on  their  ends,  or  by  taking  off  with  their  points  (as 
with  a  pair  of  dividers)  the  proper  distance  from  a  scale  of  chords 
(see  Art.  (27i))  constructed  to  a  radius  of  their  length.  Being 
thus  set  80  as  to  make  the  two  obseiTed  angles,  the  instrument  is 
laid  on  a  map  contaimng  the  three  given  points,  and  is  turned 
about  till  the  three  edges  pass  through  these  points.  Then 
their  centre  is  at  the  place  of  the  station,  for  the  three  points  there 
subtend  on  the  paper  the  angles  observed  in  the  field. 

A  simple  and  useful  substitute  is  a  piece  of  trausparent  paper, 
c-r  ground  glass,  oii  which  three  lines  may  be  drawn  at  the  proper 
angles  and  moved  about  on  the  paper  as  before. 


(S99)  Anaiyticiil  Solution.  The  distances  of  the  required 
point  from  each  of  the  known  points  may  be  obtained  analytically. 
Let  AB  =  e;  EC  =  a;  ABC  =  E;  ASB  =  S;  BSC  =  S'.  Also, 
make  T  =  360°  ~-S  —  S'  —  E.  Let  BAS  =  U;  ECS  =  V. 
Then  we  shall  have  (as  will  be  shewn  m  Appendix  E) 


Cot. 
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cot 
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Attenlaoa  must  be  ^ven  to  £he  algebraic  signs  of  tlie  trigonome- 
trical functions. 

Example.  ASB  =  33=  45' ;  BSO  =  22=  30' ;  AE  =  600  feet ; 
BO  =  400  feet ;  AC  =  800  feet.  Required  the  distances  and 
directions  of  the  point  S  from  each  of  the  stations. 

In  the  ti-iangle  ABO,  the  three  sides  being  koown,  the  angle 
ABC  ia  found  to  be  104°  28'  39".  Tho  formula  tlien  giyes  the 
angle  BAS  =  U  =  105°  8'  10"  ;  whence  BOS  is  found  to  be  94° 
8'  11" ;  and  SB  =  1042.51 ;  SA  =  T10.193 ;  and  SO  =  934.291. 

(tflO)  Itlarliime  SmrTeyiHg.  The  chief  application  of  the  Tri- 
linear  Method  is  to  Maritime  or  Hydro gra'phical  Surveying,  the 
object  of  which  is  to  fix  the  positions  of  the  deep  and  shallow  points 
in  harbors,  rivers,  &e.,  and  thus  to  discover  and  record  the  shoals, 
rocks,  channels  and  other  important  features  of  the  locality.  To 
effect  this,  a  aenes  of  aignala  are  established  on  the  neighbonng 
shore,  any  three  of  which  may  be  represented  by  our  points  A,  B,  C. 
They  are  observed  to  from  a  boat,  by  means  of  a  sextant,  and  the 
position  of  the  boat  is  thus  fixed  as  just  shewn.  The  boat  is  then 
rowed  in  any  desired  direction,  and  soundings  are  taken  at  regular 
intervals,  till  it  is  found  convenient  to  fix  the  new  position  of  the 
boat  as  before.  The  precise  point  where  each  sounding  was  taken 
can  now  be  platted  on  the  map  or  chart.  A  repedtioa  of  this  pro- 
cess will  deteimine  the  depths  and  tho  places  of  each  point  of  the 
bottom. 


Hosted  by 


Google 


TxVET  VII 


OBSTACLES  IN  ANGULAR  SURVEYING. 


(401)  The  obstacles,  such  as  trees,  houses,  hills,  vaOies,  rivers, 
&c.,  which  prevent  the  direct  alinement  or  measurement  of  any 
desired  course,  can  be  overcome  much  more  easily  and  precisely 
ft'ith  any  angular  instrument  than  Tfitli  the  chain,  methods  for  using 
which  were  explained  in  Part  II,  Chapter  V.  They  ivill  however 
be  taken  up  in  the  same  order.'  As  before,  the  given  and  measured 
lines  are  drawn  with  fine  full  lines ;  the  visual  lines  with  broken 
lines ;  and  the  lines  of  the  result  with  heavy  full  lines. 


PERPEKDICDL.*!IS  AMD  PARALLELS. 

(102)  Erecting  Perpendiculars.  To  ereot  a  perqyendkvlar  to 
a  line  at  a  given  point,  set  the  instrument  at  the  ^ven  point,  and, 
if  it  be  a  Compass,  direct  its  sights  on  the  line,  and  then  turn  them 
till  the  new  Bearing  differs  90"  from  the  original  one,  as  explained 
in  Art.  (243).  A  convenient  approximation  is  to  file  notches  in 
the  Compass-plate,  at  the  00°  points,  and  stretch  over  them  a  thread, 
sighting  across  which  will  ^ve  a  perpendicular  to  the  dureetion  of 
the  sights. 

The  Transit  or  Theodolite  being  set  as  above,  note  the  readmg 
of  the  vernier  and  tlieii  turn  it  till  the  new  reading  is  90"  more  or 
less  thaji  the  former  one. 


they  oaii  coiivBiiienllj'  be  it 
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(403)  To  erec 
given  point,  of  it.  Let  AB  be  the  line 
and  A  the  poiat.  Calculate  the  distance 
from  A  to  any  point  C,  and  the  angle 
CAB,  by  the  method  of  Art.  (43fl).  Set 
the  insti'ument  at  C,  sight  to  A,  turn  an 

angie  =  CAB,  and  measure  in  the  direc-         t'- =  C 

lion  thm  obtained  a  distance  OP  =  CA .  eo3.  CAB.    PA  will  be 

the  required  perpendicular, 

(104)  Letting  fall  perpendicukrs.  To  let  fall  a  perpendi- 
cular to  a  line  from  a  given  point.  With  the  Compass,  take  the 
Bearing  of  tJie  given  line  and  then  from  the  given  point  run  a  line, 
irith  a  Bearing  differing  90°  from  the  original  Bearing,  till  it  reaches 
the  ^ven  line. 

Witli  the  Transit  or  Theodolite,  set  it  at  any  point  of  the  given 
line,  as  A,  and  observe  the  angle  between  this  ^''"i-  ~'^^- 

line  and  a  line  thence  to  the  given  point, 
P.  Then  set  at  P,  sight  to  the  former  posi- 
tion of  tlie  instrument,  and  turn  a  number  of 
degrees  eq^ual  to  what  the  observed  angle  at  ^v 

A  wanted  of  90°.     The  instrument  will  then  c 

point  ill  the  direction  of  thereqnired  perpendicular  PB. 

(495)  To  let  fall  a  perpendicular  to  a  line  from  an  inaccessible 
point.     Let  AB  be  the  line  and  P  the  ^'s-  ^'^*' 

point.     Measure   the   angles   PAB,  and 
PBA.     Measure  AB.     The  angles  APO       ____ 
and  BPC  are  known,  being  the  comple-     ^     "\~ 
menta  of  the  angles  measured.     Then  it 
tan.  APO 


AO=AB. 


tan.  APC  +  tan.  BPC* 
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Perpeedicalars  aod  Parallels. . 


(406)  To  let  fall  a  perpendicular  to  an  inaccessible  line  from 


a  given  ^int.  Let  C  be  the  point  and 
AB  the  line.  Calculate  the  angle  CAB 
by  the  method  of  Art.  (43«).  Set  the 
instrument  at  0,  sight  to  A,  and  turn  an 
angle  =  90  —  CAB.  It  will  then  point 
in  the  direction  of  the  required  perpea- 
digular  CE. 


Fig.  275. 


(^07)  HunnSng:  Parallels.  To  trace  a  line  through  a  given 
^oint  parallel  to  a  given  line.  'With  the  Compass,  take  the  Bear- 
ing of  the  given  line,  and  then,  from  the  given  point,  nm  a  line 
with  the  same  Bearing. 

With  the  Transit  or  Theodolite^  set  it  at  any  convenient  »oint 
of  the  given  line,  aa  A,  direct  Fig.  276. 

it  on  this  line,  and  note  tiie  read-  ■^'■\~^        _ __— a 

ing.     Then  turn  the  vernier  till 

the  cross-haifs  bisect  the  giyen         \ 

point,  P.     Take  the  instrument  to  p  Q 

this  point  and  sight  back  to  the  former  station,  by  the  lower  motion, 
without  changing  the  reading.  Then  move  the  vernier  till  the 
reading  is  either  the  same  as  it  was  when  the  telescope  was  di- 
rected on  the  given  line,  or  ia  180°  different.  It  will  then  be  di- 
rected (forward  or  backwai-d)  on  PQ,  a  parallel  to  AB,  dnce  equal 
angles  have  been  measured  at  A  and  P.  The  manner  of  reading 
them  ia  similar  to  the  method  of  "Traversing,"  Art.  (S?3). 


(108)    To  trace  a  line  through  a  given  point  parallel  to  c 
i^mceessible  line.     Let  C  be  the  given  ^ig.  277. 

pomt,  and  AB  the  inaccessible  lino.   -'^\  _^ 

Find  the  angle  OAB,  as  in  Art.  (430). 
Set  the  instrument  at  0,  direct  it  to  A, 
and  then  turn  it  so  as  to  laiike  an 
with  CA  equal  to  t^e  supplement  of  the  angle  CAB. 
point  in  a  direction,  CTJ,  parallel  to  AB. 
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CHAPTER  11. 


OBSMjJLES  TO  ALIHJEHIEMT. 


A.    To   PROLONG   J 


(409)  The  instnimeiit  being  set  at  the  farther  end  of  a  line,  and 
directed  baclt  to  its  beginning,  the  sigiits  of  the  Oompass,  if  that 
be  used,  will  at  once  give  the  forward  direction  of  the  line.  They 
serve  the  purpose  of  the  rods  described  in  Art.  (169).  A  distant 
point  being  thus  obtained,  tbe  Compass  is  taten  to  it  and  the  pro- 
cess repeated.  The  use  of  the  Transit  or  Theodolite,  for  this 
I,  was  fully  explained  in  Art.  (376). 


(410)  By  perpendiculars.    When  a  tree,  or  bouse,  obstructing 

the  line,  ig  met  with,  place  the  instru-  ^'S-  ^'S, 

ment  at  a  point  E  of  the  line,  and  aot 
off  there  a  perpendicular,  to  C ;  set  off 
another  at  0  to  D,  a  third  at  D  to  E,  ^'      " 

maldng  DE  =  BC,  aud  a  fourth  at  E,  whicli  last  will  be  in  tba 
direction  of  AB  prolonged.  If  pei-pendiculars  cannot  be  con- 
veniently used,  let  BO  and  DE  make  any  equal  angles  with 
the  line  AB,  so  as  to  malte  CD  parallel  to  it. 

(411)  By  an  e<][Hi1atcraI  triangle. 

At  B,  turn  aside  from  the  line  at  a 

angle  of  60°,  and  measure  some  eon- 

venient  distance  BC.    At  C,  turn  60° 

m  the  contrary  direction,  and  mea^ 

sure  a  distance  CD  =  BO.    Then  will  D  be  a  point  in  the  line  AB 

prolonged.     At  D,  turn  60°  from  CD   prolonged,  and  the  new 

direction  will  be  in  the  line  of  AB  prolonged.    This  method  re 

quires  the  meaauremenfc  of  one  angle  leas  than  the  preceding. 
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(412)  By  triangulatiftii.    Let  f  "  ss" 

AB  be  the  line  to  be  prolonged.  A b       ^  e     "p 

Oboose  some   station  C,  whence 

can  be  seen  A,  35,  and  a  point  "        ^ 

beyond  the   obstacle.      Measure 

AB  and  the  angles  A  and  B,  of  o 

the  triangle  ABC,  and  thence  calculate  the  side  AC.    Set  the 

instruinent  at  0,  and  measure  the  angle  ACD,  CD  being  any  line 

which  will  clear  the  obstacle.     Let  E  be  the  desired  point  in  the 

lines  AB  and  CD  prolonged.     Then  in  the  triangle  ACE,  will  be 

tnoiyn  the  side  AC  a^id  its  including  angles,  ivheuee  CE  can  be 

calculated.     Measure  the  resulting  distance  on  the  ground,  and 

its  extremity  will  be  the  desired  point  E.     Set  the  instrument  at 

E,  sight  to  0,  and  tura  an  angle  equal  to  the  supplement  of  the 

angle  AEC,  and  you  will  have  the  direction,  EF,  of  AB  prolonged 

(113)  Wlsen  t!ie  Hue  to  be  prolonged  is  inaccessibls.     In 

this  case,  before  the  preceding  method  can  be  applied,  it  will  be 
necessary  to  determine  the  lengths  of  the  lines  AB  and  AC,  and 
the  angle  A,  by  the  method  given  in  Art.  (130)- 

(4S4)  To  prolong  a  line  with  only  an  angular  instrmnent. 

This  may  be  done  when  no  means  of  measuring  any  distance  can  be 
obtained.     Let  AB  be  the  line  pig,  egi. 

to  be  prolonged.  Set  the  in- 
strument at  B  and  deflect  an- 
gles of  45°  in  the  directions  C  4:— 
and  D.  Set  at  some  point,  C, 
on  one  of  these  lines  and  deflect 
from  GB  45°,  and  mark  the 

point  D  where  this  direction  intersects  the  direction  BD,  Also,  at 
C,  deflect  90°  fromCB.  Then,  at  D,  deflect  90°  from  DB.  The 
intersectiona  of  these  last  directions  will  fix  a  point  E.  At  E 
deflect  135°  from  EC  or  ED,  and  a  line  EF,  in  the  direclion  of 
AB  will  be  obtained  and  may  be  continued.* 
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!B.  To  INTEEPOLATB  POINTS  IN  A  LINE. 
(415)  The  instrument  being  set  at  one  end  of  a  line  and  directed 
to  the  other,  intermediate  points  can  be  found  as  in  Art.  (lIVj, 
&c.  If  a  valley  intervenee,  the  sights  of  the  Compass,  (if  the 
Compass-plate  be  very  carefully  kept  level  cross-waya),  or  the  tele- 
scope of  the  Ti'aosit  or  Theodohte,  answer  as  substitutes  for  the 
plumb-line  of  Art.  (H!)). 

(i'8)  By  a  random  line-  When  a  wood,  hill,  or  other  obstar 
ele,  prevents  one  end  of  the  line,  Z,  Fig.  asa. 

from  being  seen  from  the  other,  A,  run  ,fWif'^f''>£^^5^  <■ 

a  random  line  AB  mih  the  Compass  or  A"=^^sa42i2l^^^^>? 
Transit,  &c.,  as  nearly  in  the  desired  ^ 

direction  as  can  be  guessed,  till  you  arrive  opposite  the  point  Z, 
Measure  the  error,  BZ,  at  right  angles  to  AE,  aa  an  ofiset.  Multi- 
ply this  error  hj  57^,  and  divide  the  product  by  the  distance  AB. 
The  quotient  will  be  the  degrees  and  decimal  parts  of  a  degree, 
contained  in  the  ajigle  EAZ.  Add  or  subtract  this  angle  to  or 
from  the  Bearing  or  reading  with  which  AB  was  run,  according  to 
the  side  on  which  the  error  was,  and  start  from  A,  with  this  cor- 
rected Bearing  or  reading,  to  run  another  line,  which  will  come  out 
at  Z,  if  no  error  has  been  committed.* 

Uxample.  A  random  line  was  run,  by  compass,  with  a  Bearing 
of  S.  80°  E.  At  20  chains'  distance  a  point  was  reached  oppoate 
to  the  desired  point,  and  10  linlts  distant  from  it  on  its  right. 
Required  the  correct  Bearing. 

Am.  By  the  rule,  ^"  ^f^T'^  =  0°.2865  =  17'.  The  cor- 
rect Bearing  is  therefore  S.  80°  17'  E.  If  the  Transit  had  been 
used,  its  reading  would  have  been  changed  for  the  new  line  by  the 
same  17'.  A  simple  diagram  of  the  case  will  at  once  shew  whether 
the  correction  ia  to  ba  added  to  the  original  Bearing  or  angle,  or 
subtracted  from  it. 

'  This  nile  ia  eubstaMially  identical  with  that  of  Art.  (319),  wheve  its  reason  is 
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rection  ■will  be 
3Z 


If  Trigonometrical  Tables  ave  at  hand,  the 

more  precisely  ohtaiiied  from  tMs  equation ;    Tan.  BAZ  ^  j^. 

T     ^1.-  1        EZ  10  .,-        ^        .^, 

In  this  example,  -— ^  =  — — -  =  .OOo  =  tan.  li  . 
'       AB      2000 

The  51".$  rule,  as  it  is  sometimes  called,  may  be  variously  modi- 
fied. Thus,  multiply  the  eiTOr  by  86°,  and  divide  by  one  and  a  half 
timea  the  distance  ;  or,  to  gei  the  correction  in  minutes,  nnJtipIy 
by  3438  and  divide  by  the  distance  ;  or,  if  the  error  is  ^ven  in 
feet  and  the  distance  in  foui^rod  chwns,  multiply  the  former  hy  62 
and  divide  by  the  distance,  to  get  the  correction  in  minutes. 

The  con-ect  line  may  be  run  with  the  Bearing  of  the  random 
line,  by  turning  the  vernier  for  the  correction,  as  in  Art.  (312). 

(417)  By  Lalitades  aM  DejsartHrcs.  When 
3  single  lino,  such  as  AB,  cannot  be  run  so  as  to 
come  opposite  to  tlio  ^ven  point  Z,  proceed  thus, 
■with  the  Compass.  Eun  any  nnmber  of  zig-zag 
courses,  AE,  BO,  CD,  DZ,  in  any  convenient 
direction,  so  as  at  last  to  arrive  at  the  desired  point. 
Calculate  the  Latitude  and  Departure  of  each  of 
these  courses  and  take  their  algehraie  sums.  The 
Hum  of  the  Latitudes  will  be  equal  to  AX,  and  that 
of theDeparturestoXZ.  ThenisTan.  ZAX=^ ; 

i,  e.  the  algebraic  sum  of  the  Departures  divided 

by  the  algehraJc  sum  of  the  Latitudes  is  equal  to  the  tangent  of 

the  Bearing.* 

C418)  When  the  Transit  or  Theodolite  is  used,  any  line  may  be 
taken  as  a  Meridian,  i.  e.  as  the  tine  to  -which  the  following  lines 
are  refened ;  as  in  "  Traversing,"  Art.  (373),  page  254,  all  the 
successive  lines  were  referred  .to  the  first  line.  In  the  figure,  on 
the  next  page,  the  same  lines  as  in  the  preceding  figure  are  repre- 


The  length  of  the  line  AZ  can  also  be 

t  onco  obtained  e 

fhe  SQUiire  root  of  the  sum  of  the  squares 

of  AX  and  XZ  ;  0 

divided  by  Ihe  ccaiiio  of  tl,e  Be^n.ig. 
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sentedjbut  they  are  referred  to  the  first  course,  Fig-  234. 

AE,  instead  of  to  the  Magnetic  Meridian  as 
beforo,  and  their  Latitudes  are  measured  along 
its  produced  Ime,  and  Its  Departures  perpen- 
dicular to  it.  As  before,  a  right-angled  triangle 
will  be  formed,  and  the  angle  ZAY  will  be 
the  angle  at  A  between  the  first  fine  AB  and 
the  desired  line  AZ. 

This  method  of  operation  has  many  useful,^' 
applications,  aueh  as  in  obtaining  data  for  running  Railroad  Curves, 
&c.,  and  the  student  should  master  it  thoroughly. 

The  desired  angle  (and  at  the  same  time  the  distance)  can  be 
obtained,  approximately,  in  this  and  the  preceding  case,  by  finding 
in  a  Traverse  Table,  the  final  Latitude  and  Departure  of  the  desired 
line  (or  a  Latitude  and  Departure  having  the  same  ratio)  and  the 
Bearing  and  Distance  corresponding  to  these  will  be  the  angle 
and  distance  desired. 


(419)  By  similar  triangles.  ^'s  ^^■ 

Through  A  measure  any  line  CD.   ' 

Take  a  point  E,  on  the  line  CB, 

beyond  the  obstacle,  and  from^it  aH 

set  off  a  parallel  to  CD,  to  some 

point,  F,  in  the  line  DE.     Measure 

EF,  CD,  and  OA.     Then  this  pro- 

porHon,  CD  :   CA  : :  EF  :  EG-,  will  give  the  distance  EG,  from 

E  to  a  point  in  the  line  AB.     So  for  other  points. 


(420)    By  triangulation.      When  fi'f& 

obstacles  prevent  the  preceding  me-  X^^'J^yf^-"' 
thods  being  used,  if  a  point,  C,  can  be 
found,  from  which  A  and  B  are  acoeeai- 
ble,  measure  the  distances  CA,  CB, 
and  the  angle  ACB,  and  thence  calculate  the  angle  CAB.  Then 
observe  any  angle  AOD,  beyond  the  obstacle.  In  the  triangle 
ACD',  a  side  and  its  including  angles  are  known,  to  find  CD.  Meac 
Bure  it,  and  a  point,  D,  in  the  desired  line,  will  be  obtained. 
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CHAPTER  III. 


OBSTACLES  TO  MEASUUEMEHT. 

A.  When  both  ends  ob  the  line  aee  acoessiblb. 

(421)  TKo  metliocis  given  in  the  preceding  Chapter  for  prolong- 
ing a  line  and  for  interpolating  points  in  it,  will  generally  give  the 
length  of  the  line  by  the  same  operation.  Thus,  in  JFig.  278,  the 
inaccessible  distance  BE  is  equal  to  CD  ;  in  Fig,  279,  BL  :=  BO 
=  CD ;  in  Fig.  280,  the  distance  BE  can  be  calculated  from  the 
same  data  as  CE ;  in  Mg.  282,  AZ  -=  ^/(A'B'  +  BZ^)  ;  in  Yig. 
283,  AZ  =  v'(AX='  +  XZO  ;  in  Fig.  284,  AZ  =  VCAY^  + 

YZ2)  ;  in  Kg.  286,  AG=  ^i^lj^;  in  Fig.  286,  the  tri- 
angle ACD  will  give  the  distance  AD.  The  method  of  Latitndea 
and  Departures,  Arts.  (417)  and  (418),  is  very  generally  appli- 
cable.    So  is  the  following. 

(422)  By  triangiiSation.    Let  AB 

be  the  inaccessible  distance.  iFrom  , 
any  point,  0,  from  which  both  A  and 
B  ai'e  accessible,  measure  CA,  CB, 
and  the  angle  ACB.  Then  in  the 
triangle  ABO  two  sides  and  the  in- 
cluded angle  are  Imown  to  find  the 
side  AE.  If  all  the  angles  can  be  measured,  they  may  be  cor- 
rected, 33  in  Art.  (387).' 

(433)  A  trokesi  Base.  When  the  angle  0  is  very  obtuse,  the 
preceding  problem  may  be  modified  aa  follows.  Naming  the  lines 
a9  is  usual  in  Trigonometry,  by  small  letters  corresponding  to  the 
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capital  letters  at  the  angles  to  which  thoy  are  oppoate,  and  letting 
K  =  the  number  of  minutes  in  the  supplement  of  the  angle  C,  we 

Fig.  288. 


shall  have 

A'&  =  o^a  +  b  —  0.000000042308  x  ^^,. 
a+  b 

Tliia  formula  is  chiefly  used  ia  the  case  of  what  is  called  in  Tri- 
angular Surveying  "  A  broken  Ease ;"  such  as  abovo ;  AC  and 
CE  being  measurecl  and  forming  very  nearly  a  straight  line,  and 
the  length  of  AB  being  required. 

Log.  0.000000042308  =  2.6264222  —  10. 

(424)  By  angles  to  kiaawii  paints.  The  length  of  a  line,  both 
ends  of  which  arc  accessible,  may  also  be  determined  hy  angles 
measured  at  its  extremities  between  it  and  tho  directions  of  two  or 
more  known  points.  But  as  the  methods  of  calculation  involve  sub- 
sequent problems,  they  will  be  postponed  to  Articles  (433),  (436) 
and  (437). 

B.  When  oxb  end  op  the  line  is  inaocbssiblb. 

(425)  By  pci"pett^C«[£irs.  Many  of  the  methods  given  for 
the  chain,  in  Part  II,  Chapter  V,  may  be  still  more  advantageously 
employed  with  angular  instruments,  which  can  so  much  more  easily 
and  precisely  set  off  the  Perpendiculars  required  in  Articles  (I9i), 
(192),  (193),  &c. 

(426)  Ey  epal  angles.    Let  AB  f„  "89 

be  the  inaccessible  line.    At  A  act  off  "^ 
AC,  perpendicular  to  AB,  and  as      ^^,^ 
nearly  equal  to  it,  by  estimation,  as  ^^^ 

the  ground  will  permit.     At  0,  mea- 
sure the  angle  ACB,  and  turn  the 
sights,  or  vernier,  till  ACD  =  ACB. 
Find  the  point,  D,  at  the  intcrseciions  of  the  lines  CD  ii  1 BA  pro- 
duced.    Then  is  AD  =  AB. 
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(iS?)   By  triailgHikJioii.     Measure  a  distance 
AC,  aboat  ei|ual  to  AE.     Measure  the  angles  at  Ap,^ 
A  and  C.    Then  in  the  triangle  ABC,  two  angles 
and  the  included  side  are  known,  to  find  another 


_  AC  ^in.  ACS 
1.  ABC 


side,  AB  = 

When  the  compass  is  used,  the  angles  betwcsn 
the  lines  will  tie  deduced  from  their  respective 

Bearings,  by  the  principles  of  Art.  (2i3). 

If  the  angJe  at  A  is  90",  AB  =  AC  .  tang.  ACB. 

If  A  =  90°,  and  0  =  45°,  then  AC  =  AB ;  but  this  position 
could  not  easily  be  obtained,  except  by  the  tise  of  the  Sextant, 
a  reflecting  instrument,  not  described  in  this  volume. 

(438)  WbeH  one  point  cannot  be  seen  from  the  other.— 

Choose  two  points,  G  and  D,  in  the  line 
of  A,  and  such  that  from  C,  A  and  B  can 
be  seen,  and  from  D,  A  and  B.  IVIeasure 
AC,  AD,  and  the  angles  0  and  D.  Then, 
in  the  triangle  BCD,  are  known  two  an- 
gles and  the  included  side,  to  find  CB. 
Then,  in  the  triangle  ABC,  are  known 
tiro  sides  and  the  included  angle,  to  find 
the  third  side,  AB. 


(429)  To  011)!  tlm  distance  from  a  givea  ii»iut  f»  an  inacces- 
sible Urn.  In  Fig.  275,  Art.  (406),  the  required  distance  is 
CE.  The  operations  therein  directed  give  the  line  CA  and  the 
angle  CAB,  or  CAB.    The  required  distance  CE  =  CA  .  sin.  CAE, 
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C.  "When  both  ends  op  the  line  aue  ijsaccessibm;, 

(^3®)  General  Method.    Let  Fig.s92. 

AB  be    the    inaeeeasible    line.  ^'''I'^ 

Measure  any  convenieDt  distance 
CD,  and  tlie  angles  ACD,  BCD, 
ADC,  BDC. 

Then,  in  the  triangle  CDA, 
two  angles  and  the  ijicluded  side 
are  gjven,  to  find  CA.  In  the 
triangle  CDB,  two  angles  and  the 
included  aide  are  given,  to  find 
OB.  Then,  in  the  triangle  ABC, 
two  sidea  and  tbe  included  angle 
ai-e  given,  to  find  AE. 

The  \Tork  may  be  verified  by  taking  another  set  of  triangles, 
and  finding  AE  from  the  triangle  ABD  instead  of  ABC, 

The  following  formulas  will  however  give  the  desired  d 
■with  less  labor. 

ADO  .  sin.  OBD 


.BBC 
the  triangle 


Find  an  angle  K,  such  that  tang.  K  —  - —      ■ 

Then  find  the  difference  of  the  unknown  angles 
CAB  from  the  formula 

Tang.  1  (CAB  — ABO)  =  tang.  (45°  — K)  .  cot.  ^  ACE, 
Then  is  CAB  =  \  (CAB  —ABC)  +  \  (CAB  +  ABC). 
..  KDG  .  sin.  ACB 


Finally,  AB  =  CD  -! 


.  OBD  .  sin.  CAB' 

Examflt.  Let  CD  =.  Y106.25  feet;  ACD  =  95'  17'  20"; 
BCD  =  61°  41'  50"  ;  ADC  ==  39"  S8'  40" ;  BDC  =  78°  S5'  10"; 
required  AB. 

The  figure  is  constructed  with  these  data  on  a  scale  of  5000  feel 
to  1  inch  =  1:60000. 

By  the  above  formulas,  K  is  found  to  be  SO"  26'  5" ;  CAB  = 
113=  55'  37" ;  and  lastly  AE  =  6598.32. 

Both  the  methods  may  be  used  as  mutual  checks  in  any  im 
portant  case. 
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If  the  lines  AB  and  CD  crossed 
each  other,  as  ia  Eig.  293,  instead  of  . 

being  situated  as  in  the  preceding      ,^^^__\- -^ 

figure,  the  same  method  of  calcula-       "^p,S\ 
tion  iTould  apply. 


(131)  I'j'oblcni)  To  measure  an  inaccessible  distance,  AB, 
when  a  point,  C,  in  its  line  can  be  obtained.  Set  the  instrument 
at  a  poiat,  D,  from  which  A,  B 
aad  C  can  be  seen,  and  measure 
the  angles  CD  A  aad  ADB. 
Measure  also  the  line  DC  and 
the  ajigle  C.  Then  in  the  tri- 
angle ACD  two  angles  and  tlie 
included  side  are  given  to  find 
AD.  In  the  triangle  DAE,  the 
angle  DAB  ia  knoivn,  (bemg  equal  to  ACD  4-  CDA),  and  AD 
having  been  found,  we  again  have  two  angles  and  the  included  side 
to  find  AB, 


(132)  Problem.  To  measure  an  inaccessible  distance,  AB, 
when  only  onepoint,  C,  can  befoundfrom  which  both  ends  of  the 
line  can  be  Been.  Consider  CA 
and  CB  as  distances  to  be  deter- 
mined, having  one  end  accessible. 
Determine  them,  as  in  Art.  (427), 
by  choosing  a  point  D,  from  which 
C  and  A  ai'e  vbble,  and  a  point  E 
from  which  0  and  B  are  visible. 
AtCobs8i-vetheaiiglesDCA,ACB'  ^  ■ 

and  BCE.  Measure  the  distances  CD  and  CE.  Observe  tbo 
angles  ADO  and  EEC.  Then  in  the  ti-iangle  ADO,  two  angles  and 
the  included  side  are  given,  to  find  CA ;  and  the  same  in  the  tn- 
angle  CBE,  to  find  CE.  Lastly,  in  the  triangle  ACB  *wo  sides 
and  the  included  sogle  are  kiiown,  to  find  AB. 
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(433)  Pi-OfiJeiUi  To  measure  an  inaccessible  distance,  AE; 
when  no  point  can  he  found  from  which  the  two  ends  can  he  teen. 
Let  C  be  a  point  from  which  A  is 
visible,  iuiil  D  a  point  from  which 
B  is  visible,  and  also  C.  Measure 
CD.  Find  the  distances  CA  and 
DB,  ss  in  the  preceding  problem  j 
i,  e.  choosea,point  EjfroimvhiehA  ^j^^ 
and  C  are  visible,  and  another  E  ^ 
point,  I",  from  ■which  D  and  B  are  visible.  Measure  EC  and  DF. 
Observe  the  angles  AEC,  EGA,  BDF  and  EFB ;  and  at  the  same 
time  the  angles  AOD  and  ODE,  for  the  subsec[uent  work.  Then 
CA  and  DB  mil  be  found,  as  were  CA  and  CB  in  the  last  problem. 
Then  in  the  triangle  CDB,  two  sides  and  the  included  angle  are 
known  to  find  CB  and  the  angle  DCB  ;  and,  lastly,  in  the  triangle. 
ACB,  two  sides  and  the  included  angle  (the  difference  of  ACD 
and  DCB)  to  find  AB. 

(434)  Problem.    To  inierpolate  a,  Base.     Four  inaoeessible 
ol^ects,  A,  B,  C,  D,  being  in  a  right 

line,  and  visible  from  only  one  point,      ^ „ 

E,  it  is  required  to  determine  the  dig-    ^^^ 

tanoe  between  the  middle  points,  B 

and  0,  ths  exterior  distances,  AB 

and  CD,  being  known.  '^\*y' 

Let  AB  =  a,  CD  =  i,  BC  =  a^ ;  V 

AEE  =  B,  AEG  =  Q,  AED  =  R . 


Calculate  an  auxiliary  angle,  K,  such  that 


tang.  2  K  = 


4.ah  sin.  Q.  sin.  (B  — F) 

'{a-hy-  an.P.sin.{E-Q)' 


Of  the  two  values  of  ^,  the  positive  one  is  alone  to  bo  taken. 

This  problem  is  used  in  Triangular  Surveying  wljen  a  portion  of 
a  Base  line  passes  over  water,  &e. 
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(435)  Prablfiltlt  Given  the  angles  observed,  at  the  ends  of  a 
line  which  cannot  be  measured,  between  it  and  the  ends  of  a  line 
of  knovm  length  but  inaccessible,  reqvired  the  length  of  tlie  former 
line.  This  Prablem  is  the  coaverse  of  that  given  in  Art.  (430). 
Ita  figure,  292,  may  represent  the  ease,  if  the  distance  AB  be 
regarded  as  tnown  and,^CD  as  that  to  he  found.  Use  the  first  ai^d 
Eseeond  formulas  as  before,  and  invert  the  last  formula,  obtaining 

This  problem  may  also  be  solved,  indirectly,  by  assuming  any 
length  for  OD,  and  thence  calculating  as  in  the  fii-gt  part  of  Art, 
(430),  the  length  of  AB  on  this  hypothesis.  The  ima^nary 
figure  thus  calculated  is  similar  to  the  true  one ;  and  the  trae 
length  of  CD  -will  be  given  by  this  proportion ;  calculated  length 
of  AB  :  true  length  of  AB  : ;  assumed  length  of  CD  :  true  length 
of  CD. 

The  length  of  CD  can  also  be  obtained 
graphically.      Take  a  line  of  any  length, 
aa  CD',  and  from  C  and  D'  lay  off  angles 
equal  to  those  observed  at  C  and  D,  and 
thus  fix  pointe  A,  B'.     Produce  AB'  till  it 
eijuals  the  given  distance  AB,  on  any  de-  r.^.-' 
sired  scale.     From   E  draw  a  parallel  to      "'"'~ 
B'D',  meeting  AD'  produced  in  D ;  and 
from  D  draw  a  parallel  to  D'C  meeting 
AC  produced  in  C.     Then  CD  -will  be  the  .^^quired  distance  to 
the  same  scale  as  AB-* 


(436)  ProbiciHi  Three  points.  A,  B,  C,  being  given  by  their 
distances  from  each  other,  and  two  other  points,  P  and  Q,  being 
so  situated  that  from  each  of  them  two  of  the  three  points  can  be 
tern  and  the  angles  APQ,  BPQ,  CQP,  BQP,  be  measured,  it  ia 
required  to  determine  the  positions  of  P  and  Q. 


*  See  Article  (45S)  for  a  ailut 


u  by  the 
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CoNsmucTio.Y,  Begin, 
in  Art.  (3^7),  by  describ- 
ing through 


ing  a.  circle 

A  and  B,  and  ha  vi 


g  the  cen- 


tral angle  subtended  by  AB. 
equal  to  tivice  the  given  an-  p-^-- 
gle  APB,  and  thus  contain- 
ing tliEtt  angle.    Tlie  point 
P  will  lie  somewhere  in  ita  ~  ' 

circumference.  Describe  another  circle  passing  through  B  and  C, 
and  having  a  central  angle  suhtendect  by  BC  equal  to  twice  the 
^ven  angle  BQC.  The  point  Q  ivill  lie  somewhere  in  ita  ;ir- 
cumference.  From  A  draw  a  line  makuig  with  AB  an  angle  = 
EPQ,  and  meeting  at  X  tlie  circle  first  drawn.  From  C  draw  a 
line  making  with  CB  an  angle  =  BQP,  and  meeting  the  second 
circle  in  Y.  Join  XY  and  produce  it  till  it  cuts  tlie  cii'cles  in 
points P  and  Q, which  will  be  those  required;  since BPX^BAX 
=  BPQ;  and  EQY  =  BC¥  =  BQP. 

Calculation.  In  the  triangle  ABO,  the  sides  being  given,  the 
angle  ABC  is  known.  _  In  the  triangle  ABX,  a  side  and  all  the 
angles  are  known,  to  find  BX.  In  the  triangle  CBY,  BY  is  simi- 
larly found.  By  subtracting  the  angle  ABC  from  the  sum  of  the 
angles  ABX  and  CBY,  the  angle  XBY  can  be  obtained.  Then 
in  the  triangle  XBY,  the  sides  BX,  BY,  and  the  included  angle 
are  ^ven  to  find  the  other  angles.  Then  in  the  triangle"  EPX 
are  kno'svn  all  the  angles  and  the  side  BX  to  find  BP,  In 
the  triangle  BQY,  BQ  is  found  in  like  manner.  Finally,  in  the 
triangle  BPQ,  PQ  can  then  be  found. 

I£  desired,  we  can  also  obtain  AP  in  the  triangle  APB ;  and  CQ 
in  the  triangle  CBQ. 

(433)  Frolfienii  -^omi"  points,  A,  B,  C,  D,  being  given  m 
posiUon,  hy  their  mutual  distanees  and  directions,  and  ttvo  other 
points,  P  and  Q,  being  so  situated  that  from  eaeh  of  them  tivo  of 
the  four  points  can  he  seen  and  the  angles  AJPB,  APQ,  PQC  and 
PQD  measured,  it  is  required  to  determine  the  position  of  V  and  Q. 
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CoNSiaucTioa'.  Begin  as  in  the  last  artice,  by  describing  on 
AB  the  segment  of  a  circle  to  coutaia  an  angle  equal  to  APB. 
From  B  draw  a  chord  EE,  making  an  angle  -with  BA  equal  to  the 
supplement  of  the  angle  APQ.  On  CD  describe  another  segment 
to  contain  an  angle  equal  to  CQD.  Erom  C  draw  a  chord  CF, 
making  an  angle  with  CD  equal  to  the  supplement  of  tiie  angle 
DQP.  Draw  tlie  line  EF,  and  it  will  cut  the  two  circles  in  the 
required  points  P  and  Q.* 

Caloulation.  To  obtain  PQ  =  EF  —  EP  —  QP,  we  proceed 
to  find  those  three  lines  thua.  In  the  trianglo  ABE,  we  know  the 
side  AB,  the  angle  ABE,  and  the  angle  AEB  =  APB ;  wher.ce 
to  find  EE.  In  the  same  way,  the  triangle  CFD  gives  FO.  In 
the  triangle  EEC  are  known  EB  and  BC,  and  1iie  angle  HSC  = 
ABC  —  ABE;  whence  EG  and  the  angle  ECB  are  found.  In 
the  hiangle  EOF  are  known  EC,  FO,  and  the  angle  ECF  =  BCD 
—  ECB  — FCD;  whence  wo  find  EF,  and  the  angles  CEP  and 
CPE. 

In  the  triangle  BEP,  we  have  EB,  the  anglo  BEP  =BEC  + 
CEP,  and  the  angle  EPE  =  EPA  +  APE  ;  to  find  EP  and  PB. 
In  the  triangle  QCF,  we  hare  CP,  and  the  angles  CQF  and  CFQ, 
to  find  QC  and  QF.     Then  we  hnow  PQ  =  EP  —  EP  —  QF. 


'  For,  Ihe  niigle  APQ  in  the  figura  equals  the  measured  acale  APQ,  because 
the  supplement  of  the  former,  EPA,  equals  the  supplement  of  ilie  latter,  since  it 
is  measured  by  tho  wme  arc  as  the  angle  ABE,  equal  to  that  supplement  by  coq. 
stniolion.     So  too  with  the  angle  DQP. 
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The  other  distances,  if  desired,  can  be  easily  found  from  the  above 
data,  some  of  tiie  caleidatdona,  not  needed  for  PQ,  being  made  ivith 
reference  to  tliem.  In  the  triangle  AEP,  we  know  AB,  BP,  and 
the  angle  BAP,  to  find  the  angle  ABP  and  AP.  In  the  triangle 
QDC  we  know  QC,  CD,  and  the  angle  CQD,  to  find  the  angle 
QOD  and  QD.  In  tho  triangle  PEC,  we  know  PE,  EC,  ai;d  the 
angle  PBC=ABC  — ABP,  to  find  PC.  Lastly,  in  the  triangle 
QCB,  we  know  QC,  CB,  aaid  tlie  angle  QCE  =  DCB  —  DCQ,  to 
find  QB. 

The  sohuioE  of  this  problem  includes  the  two  preceding ;  for,  let 
the  line  EC  be  reduced  to  a  point  so  that  its  two  ends  come  toge- 
ther and  the  three  linea  become  two,  and  we  haye  the  problem 
of  Art,  (438) ;  and  let  the  line  AE  be  reduced  to  a  point,  B, 
anil  CD  to  a  point,  C,  and  we  have  but  one  line,  and  the  problem 
becomes  that  of  Art.  (^35). 

In  these  three  problems,  if  the  two  stations  lie  in  a  right  hue 
with  one  of  thfi  given  points,  the  problem  is  indeterminate. 


(438)  Problem  of  She  eight  psimis.  Four  points,  A,'B,C,'D, 
are  inaeaesaible,  but  viBihle  Fig.  soi. 

Jrom  four  other  points,  E,  -5.  ^ 

F,  G,  H ;  it  is  required  to 
fiTid  the  respective  distances 
of  these  eight  points ;  t/ie 
only  data  being  tlie  obser- 
vation, from  eaak  of  the 
points  of  the  second  sys- 
tem, of  iJte  angles  wider 
which  are  seen  the  points 
oj  the  first  system. 

This  problem  can  be  solved,  but  the  great  length  ind  eomphoa- 
tion  of  the  investigation  and  resulting  foimula^  render  it  more  a 
matter  of  curiositj  than  of  utility.  It  mi}  be  f  jund  m  Pui^t^int's 
"  Topografhie,"  page  55 ;  Lefevre's  "  Tiiyoni  jutiie, '  p  JO,  lud 
Lefevre's  "  Arventage"  No.  387. 
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CHAPTER  IV. 


TO  §BPPL¥  OMISSBOSS, 


(439)  Any  two  omissions  in  a  closed  survey,  whether  of  the 
direction  or  of  the  length,  or  of  both,  of  one  or  more  of  the  sides 
bounding  the  area  surveyed,  can  always  be  supplied  by  a  suitable 
applietbtion  of  the  principle  of  Latitudes  and  Departures,  as  was 
stated  in  Art.  (283)  ;  although  this  means  should  be  resorted  to 
only  in  cases  of  absolute  necessity,  since  any  omission  renders  it 
impossible  to  "  Test  the  survey,"  as  directed  in  Art.  (282).  In 
the  follomng  articles  the  survey  will  be  considered  to  have  been 
made  Tfith  the  Compass.  All  the  rules  will  however  apply  to  a 
Transit  or  Theodolite  survey,  the  angles  being  referred  to  any  line 
as  a  meridian,  as  in  "  Traversing." 

To  save  unnecessary  labor,  the  examples  in  the  varioas  cases 
now  to  be  examined,  will  all  he  taken  ^"'S-  3**-;^ 

from  the  same  survey,  a  plat  of  which 
13  given  in  the  margin  on  the  scale  of 
40  chains  to  1  inch  (1:31,680),  a:id 
the  Field-notes  of  which,  with  the 
Latitudes  and  Departures  carried  out  a  ^ 
to  five  decimal  places,  are  given  on 
the  following  page.* 


*  The  teiohpr  can  malte  any  number  of  eiainplea  for  his 
a  tolerably  accuratB  aucvey,  strilung  out  the  bearing  and  di 
ooaree,  and  calculating  it  precisely  aa  in  Case  I,  given  below, 
any  iwo  quantities  at  will,  to  be  supplied  by  the  etudent  by 
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„» 

K.A«N.. 

ijj°"J^g 

LATITUDUS. 

DEPARTURES,               ) 

N. 

s. 

B. 

W, 

^ 

North. 

1284 

1284,00000 

0 

0 

N. 32=  B. 

1783 

1511.23171 

944.3161! 

0 

N.  SO"  fi. 

2400 

4115,75568 

2363.53873 

D 

S,  48"  E. 

2700 

I806.652Ca 

2008.49096 

J^ 

S.  18"  W. 

2S60 

2730,03159 

883.78862 

1' 

N.  73"  53'  21"  W. 

462  li 

1314,69689 

4430,55735 

mn.mii  jm.6745i  miMm  5314.34537 

Case  1.  When  the  length  and  the  Bearing  of  any  one  side  are 
wanting, 

(410)  Find  the  Latitudes  and  the  Departures  of  the  remajning 
sides.  The  difference  of  the  North  and  South  Lfttitudea  of  these 
lines,  is  tiie  Latitude  of  the  omitted  line,  and  the  difference  of  their 
Departures  is  its  Departure.  This  Latitude  and  Departure  are  two 
sidea  of  a  right  angled  triangle  of  which  the  omitted  line  is  the 
hypothenuse.  Its  length  is  therefore  equal  to  the  square  root  of 
the  sum  of  their  squares,  and  the  quotient  of  the  Departure  divicled 
by  the  Latitude  is  the  tangent  of  its  Bearing;  as  in  Art.  (il?). 

la  the  above  survey,  suppose  the  course  &om  F  to  A  to  have 
been  omitted  or  lost.  The  difference  of  the  Latitudes  of  the 
remaining  courses  will  be  found  to  be  1314.69682,  and  the  differ- 
ence of  the  Departures  to  be  4430.55725.  The  square  root  of  the 
sum  of  their  squares  is  4621.5 ;  and  the  quotient  of  the  Departure 
divided  hy  the  Latitude  is  the  tangent  of  73"  28'  21".  The  de- 
ficiencies were  in  North  Latitude  and  West  Departure  ;  and  the 
onutted  course  is  therefore  N.  73°  28'  21"  "W.,  4621.5 

Case  2.  When  the  length  of  one  side  and  the  Bearing  of 
afwt^er  a 


(141)  WUcu  the  dcBcient  sWes  adjoin  each  •Ifeer.    Find,  as 

in  Case  1,  the  length  and  Bearing  of  the  line  joining  the  ends  of 
the  remaining  courses.  This  line  and  the  deficient  lines  will  form  a 
triangle,  in  which  two  sides  will  be  known,  and  the  angle  between 
the  calculated  side  and  the  side  whose  Beaiing  is  given  can  be 
found  by  Art.  (243).  The  parts  wanting  can  then  be  obtained 
hy  the  common  rules  of  Trigonometry. 
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In  the  iigure,  let  the  lengtli  of  EF, 
and  the  Bearing  of  FA  he  the  omitted 
parts.  The  difference  of  the  sums  of 
the  N.  and  S.  Latitudes,  and  the  ]ij. 
and  W.  Departures  of  the  complete  Bf 
courses  from  A  to  E,  are  respectively 
1405.82477  North  Latitude,  and  ^^ 
5314.34587  East  Departm'©.  The 
coHrse,  EA,  corresponding  to  this  de-  *' 

Seiency  lye  find,  bj  proceeding  as  in  case  1,  to  he  S.  75°  11'  15 
W.,  5497.026.  The  angle  AEF  is  therefore  =  75°  11'  15" 
18°  =  57°  11'  15".  Then  in  the  triangle  AEF  are  given  the 
sides  AE,  AF,  and  the  angle  AEF  to  find  the  remaining  parts ; 
viz.  the  angle  AFE^9r  28'  21",  whence  the  Bearing  of 
FA  =  91°28'21"  — 18°  =  ]Sr.  73°  28'  21"  W.;  and  the  side 
EF  =  2860. 


(442) .  mim  tise  ileScieiit  sides  are  separated  from  eacli  other. 

A  modification  of  the  preceding  method  will  still  apply.     In  this 
figure  let  the  omissions  l)e  the  Bearing  Fig.  304. 

of  FA  and  the  length  of  CD .  Imagine 
the  courses  to  change  places  without 
changing  Bearings  or  lengths,  so  as  to 
bring  the  deficient  hnea  nest  to  each  i 
other,  hy  transferring  CD  to  AG,  AB 
to  GH,  and  BC  to  HD.  This  will  not 
affect  their  Latitudes  or  Departures. 
JolnGF.  Then  in  the  figure  DEFGH, 
the  Latitudes  and  Departures  of  all  the  sides  hut  FG  are  known, 
whence  its  length  and  Bearing  can  be  found  as  in  Case  1. 
Then  the  triangle  AGF  may  be  treated  like  the  triangle  AEF 
in  the  last  article,  to  ohtam  die  length  of  AG  =  CD,  and  the  Bear- 
ing of  FA. 


(i4B)  Otherwise,  hy  changing  the  Meridian.  Imagine  the  held 
to  turn  around,  till  the  side  of  which  the  distance  is  unltnowu, 
becomes  the  Meridian,  i.  e.  comes  to  be  due  North  and  South  ■ 
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a!!  the  other  aides  retaimng  their  relative  poaitloiis,  and  continuing 
to  make  the  same  angles  with  ea«h  other.  Change  their  Bearings, 
accordingly,  as  directed  in  Art,  (244).  Find  the  Latitudes  and 
Departures  of  the  sides  in  their  new  positions.  Since  the  side 
whose  length  was  unknoiyn  has  beon  made  the  Meridian,  it  has  no 
Departure,  whatever  may  be  its  unknown  length ;  and  the  difference 
of  the  columns  of  Departure  will  therefore  be  the  Departure  of  the 
Bide  whose  Bearing  ia  uiiknoivii.  The  length  of  this  aide  is  given. 
It  is  the  hypothenuse  of  a  right  angled  triangle,  of  which  the  De- 
parture is  one  side.  Hence  the  other  side,  which  is  the  Latitude, 
can  be  at  once  found ;  and  also  the  unknown  Bearing. 

Put  this  Latitude  in  the  Table  in  the  blank  where  it  belongs. 
Then  add  up  the  columns  of  Latitude,  and  the  difference  of  their 
sums  will  be  the  unknown  length  of  the  side  which  had  been  made 
a  Meridian." 

Let  the  omitted  quantities  be,  aa  in  the  last  article,  the  length 
of  CD  and  tlie  jEearing  of  FA. 
Make  CD  the  Meridian.  The  chang- 
ed Bearings  will  then  be  found  by 
Art.  (244)  to  be  as  in  the  margin. 
To  aid  the  imagination,  turn  the 
book  around  till  CD  pointe  up  and 
down,  as  North  lines  are  usually 
placed  on  a  map.  Then  obtain  the  Latitudes  of  the  courses  with 
their  new  Bearings  and  old  distances,  and  proceed  as  has  been 
directed. 

Case  3.     Jihci  tit  len  /tls   ftuo  sides  aie  i  mt  ij 

(^i4)  When  Ihe  deScienl  sides  a^oin  eaf'i  oilici      Lmd  the 

Latitudes  and  Depiit  ues  of  the  othei  coiifos  and  then  by  Case 
1,  find  the  leUj^tli  ai  1  Be-iimg  f  the  In  e  joining  the  extremities 
of  the  deficient  course'  Then  in  the  tn'ingle  thus  formed,  are 
known  one  aide  md  all  the  anales  (deduced  from  the  Eeaimgs)  Vt 
find  the  lengths  of  the  other  tno  sides. 

•  This  coiiceptiou  of  thus  changing  Ihe  Bearings  is  slated  to  be  due  to  Pro. 
Robert  Fatterson,  of  Philadelphia,  by  whura  it  was  communicBted  to  Mr.  John 
Knniraere,  and  pablialied  by  him,  in  1814,  in  his  "  Ti'eBlise  on  Suvveying  " 
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N.  80°E. 
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Thus,  in  Yig.  303,  page  299,  let  EF  and  FA  be  the  sides  whose 
lengtlis  are  unknown.  EA  is  then  to  be  calculated,  and  it-s  length 
will  be  found,  as  in  Art.  (4iS),  to  be  5497.026,  and  ita  hearing 
S.  75'  11'  15"  ^Y.,  whence  the  angle  AEF=  T5°  U'  15"  — 18" 
=  57°  ir  15" ;  AFE  =  18°  +  78°  28'  21"  =  91°  28'  21" ;  and 
EAF  =  31°  20'  24" ;  ivhcnee  can  be  obtained  EF  ==  2860  and 
FA  =  4621.5. 


(445)  mien  the  flellcient  sides  as-c  separated  I^'oin  each  otlier 

Let  the  lengths  of  BO  and  DB  be  those  jig.  305. 

omitted.  Again  imagine  the  courses 
to  change  places,  so  as  to  bring  the 
deficient  lines  together,  DE  being 
traasfei-red  to  CG,  aod  CD  to  GB.  ^ 
Join  BG.  Then  in  the  figure 
AEGEFA,  are  known  the  Latitudes 
and  Departures  of  all  the  courses  ex- 
cept EG,  whence  its  length  andBearing  ^ 
can  be  found  as  in  Case  1.  Then  in  the  triangle  BCG,  the  angle 
CBG  can  be  found  from  the  Bearings  of  CB  and  EG,  aa,d  the  angle 
CGB  from  the  Bearings  of  BG  and  GO.  Then  all  the  angles  of 
the  triangle  are  known  and  one  side,  BG,  whence  to  find  the 
required  sides,  EC  ==  1782,  and  CG  =  DE  =  2700. 


(4M)  Otherwise,  fn/  changing  tJie  Meridian.  As  in  Art.  (443), 
imagine  the  field  to  turn  around,  till  one  of  the  sides  whose  length 
ia  wanting,  becomes  a  Meridian  or  due  North  and  South.  Change 
all  the  Bearings  correspbndinglj.  Find  the  Latitudes  and  Depar- 
tures of  the  changed  courses.  The  difference  of  the  columns  of 
Departure  will  be  the  Departure  of  the  second  course  of  unknown 
length,  ^uee  the  course  made  Meridian  has  now  no  Departure. 
The  new  Bearing  of  this  second  course  being  ^vea,  in  the  right 
angled  triangle  formed  hj  this  course  (as  an  hypothenuse)  and  ita 
Departure  and  Latitude,  we  know  one  side,  the  Departure,  and 
the  acute  angles,  which  are  the  Bearing  and  its  complement.  The 
length  of  the  conrse  is  then  readily  calculated  ;  and  also  its  Lati- 
tude.    This  Latitude  being  inserted  in  ita  proper  place,  the  differ- 
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N,  32" E. 
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N.  80"  B. 

N. 48" B. 
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8  48°  E. 

8.  80"  E. 

HI 

8.  :r  W. 

a.  14»E. 

f 

N.  73=  aS'  21"  W 

S.  74°  3V  39"  W. 

ence  of  the  columns  of  Latitude  v:i\\  be  the  length  of  that  waiitiiig 
side  which  had  beea  made  a  Meridian. 

Thus,  let  the  lengths  of  EC  and  DE  ba  wanting,  as  in  tho  pic- 
ceiJing  example.  Make  EC 
a  Meridian.  The  other  Bear- 
ings are  then  changed  as  in 
the  margin.  Calculate  new 
Latitudeg  and  Departures, 
The  difference  of  tho  Depar- 
tures will  be  tho  Departure 
of  DE,  since  BO,  bemg  a  Meridian,  has  no  Departure^  Hence  the 
length  and  Latitmie  of  DE  are  readily  obtained.  This  Latitude 
being  put  in  the  table,  and  the  columns  of  Latitude  then  added  un, 
their  difference  will  be  the  lengtli  of  EC. 

Case  4.      When  the  Bearings  of  two  sides  are  wanting. 

(<i4J)  WJieu  the  deficient  sides  adjoin  eacli  ©tlier.  Find  tho 
Latitudes  and  Departures  of  the  other  sides,  and  then,  as  in  Case 
1,  find  the  length  and  bearing  of  the  line  joining  the  extremities 
of  the  deficient  sides.  Then  in  the  triangle  thus  formed  ive  have 
the  three  Kcles  to  find  the  angles  and  thence  the  Bearings. 

iU$y  Wliei!  Uie  deficlcut  sides  are  separafetl  from  each  otlier 

Change  the  places  of  the  sides  so  as  to  bring  the  deficient  ones 

next  to   each  other.     Thus,  in  the 

figure,  supposmg  the  Bearings  of  CD, 

and  EF  to  be  wanting,  transfer  EF  to 

DO,  and  DE  to  GF.     Then  calculate, 

as  in  Case  1,  the  length  and  Bearing   ; 

of  the  line  joinmg  the  extremities  of 

the  deficient  sides,  CG-  in  the  figure. 

This  line  and  the  deficient  sides  form  a 

triangle  in  which  the  three  sides  are 

^ven  to  determine  the  angles  and  thence  the  r 

*  The  fullest  investigation  of  this  subjeot,  developing  many  curious  points,  will 
be  found  in  Mascheronra  "Problemes  de  ffSometHs  pour  Its  ArpenieuTs,"  and  Lhn. 
illier'a  "Fohjgonimelfk."    The  method  of  Afts.  (443),  (446),  and  (448)  is  new. 
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PLANE  TABLE  SURVEYING. 


(119)  The  Plane  Table  is  in  substance  merely  a  draiving  board 
fixed  on  a  tripod,  so  that  lines  may  be  iJra^vn  on  it  by  a  ruler  placed 
BO  as  to  point  to  any  object  in  sigbt.  All  its  parts  are  mere  addi- 
tions to  render  this  operation  more  convenieni  and  precise* 

Such  an  arrangement  may  be  applied  to  any  kind  of  "  Angular 
Surveying" ;  such  as  tJie  Third  Method,  "  Polar  Surveying,"  in 
ita  two  modifications  of  Radiation  and  Progreamn,  (characterized 
in  Art.  (220)),  and  the  Fourth  Method,  by  Intersections.  Each 
of  these  ivill  be  a«ecessiveiy  explained.  The  instrument  is  very 
convenient  for  fillmg  in  the  details  of  a  survey,  when  tlie  principal 
points  have  been  determined  by  the  more  precise  method  of  "  Tri- 
angular Surveying,"  and  can  then  be  platted  on  the  paper  m 
advance.  It  haa  the  great  advantage  of  dispensing  with  all 
notes  and  records  of  the  measurements,  since  they  are  platted  as 
they  are  made.  It  thus  saves  time  and  lessens  mistakes,  but  ia 
wanting  in  precision. 


(450)  Tiie  Table.  It  is  usually  a  rectangular  board  of  well 
seasoned  pine,  about  20  inches  wide  and  30  long.  The  paper  to 
be  drawn  upon  may  be  attached  to  it  by  drawing-pins,  or  by  clamp- 
ing plates  fixed  on  ita  sides  for  that  purpose,  or  by  springs  pressed 
upon  it,  or  it  may  be  held  between  rollers  at  opposite  sides  of  tiie 
table.  Tinted  paper  is  less  daaaling  in  the  sun.  Cugnot's  jouit, 
described  on  page  1S4,  is  the  best  for  connecting  it  with  its  tripod, 
tliough  a  pair  of  parallel  plates,  like  those  of  the  Theodolite,  aro 
often  used.  A  detached  level  ia  placed  on  the  board  to  test  ita 
horizontality  ;  though  a  smooth  ball,  as  a  marble,  will  answer  the 
same  purpose  approximately. 

e  tbe  Compjiss,  Trsnalt,  ix. ; 
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A  pair  of  Bights,  like  those  of  the  compass,  are  sometimes 
placed  undor  the  board,  serving,  like  a  "  Watch  Telescope,"  (Art. 
(339),  to  detect  any  movement  of  the  instrument.  To  find  ivhat 
point  on  the  lower  ade  of  the  board  is  exactly  under  a  point  on 
the  upper  side,  so  that  by  suspending  a  plumb-line  from  the  foi-mer 
the  latter  may  be  exaetly  over  any  desired  point  of  ground,  a  large 
pair  of"  callipers,"  or  dividers  with  curved  legs,  may  be  used,  one 
of  their  points  being  placed  on  the  upper  point  of  the  board,  and 
their  otlier  point  then  determining  the  corresponding  under  point ; 
or  a  frame  forming  three  sides  of  a  rectangle,  like  a  slate  frame, 
may  be  placed  so  that  one  end  of  one  side  of  it  touches  the  upper 
point,  and  the  end  of  the  corresponding  side  is  under  tlie  table 
preijisely  below  the  given  point,  so  that  from  this  end  a  plumb-line 
can  be  dropped.  A  compass  is  sometimes  attached  to  the  table, 
or  a  detached  compass,  consisting  of  a  needle  in  a  narrow  box, 
("called  a  Declinator),  is  placed  upon  it,  as  desired.  The  edges 
of  tlie  table  are  sometimes  divided  into  degrees,  hke  the  "  Drawing 
board  Protractor,"  Art.  (273).  It  then  becomes  a  sort  of  Gonio 
meter,  like  that  of  Art.  (213). 

(451)  Tiis  AlidaiHe.  The  ruler  has  a  fiducial  or  feather  edge, 
■which  may  be  divided  into  inches,  tenths,  &c.  At  each  end  it 
carries  a  sight  like  those  of  the  compass.  Two  needles  would  be 
tolerable  substitutes.  The  sights  project  beyond  its  edge  so  that 
their  centre  lines  shall  be  precisely  in  the  same  vertical  plane  as  this 
edge,  in  order  that  the  lines  drawn  by  it  may  correspond  to  the 
lines  sighted  on  by  them.  To  test  this,  fix  a  needle  in  the  board, 
place  the  ruler  against  it,  sight  to  some  near  point,  draw  a  line 
by  the  ruler,  turn  it  end  for  end,  again  place  it  against  the  needle, 
again  sight  to  the  same  point,  and  draw  a  new  line.  If  it  coincides 
with  the  former  Hue,  the  above  condition  is  satisfied.  The  ruler 
and  sights  together  tako  the  Dame  of  Ahdade.  If  a  point  should 
be  too  high  or  too  low  to  be  seen  with  the  alidade,  a  plumb-line, 
held  between  the  eye  and  the  object,  will  remove  the  difiiculty. 

A  telescope  is  sometimes  substituted  for  the  sights,  being  sup- 
ported above  the  ruler  by  a  standard,  and  capable  of  pointing 
upward  or  downward.     It  admits  of  adjustments  similar  in  principle 
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to  the  2d  and  M  adjustments  of  the  Transit,  Part  IV,  Chapter  3, 
pages  242  and  246. 

But  e?en  without  these  adjustments,  ivhether  of  tho  sights  or 
of  the  telescope,  a  survey  could  he  made  which  would  be  per- 
fectly correct  aa  to  the  relative  position  of  its  parts,  however  far 
the  line  of  sight  might  be  from  lying  in  the  same  vertical  plane 
as  the  edge  of  the  ruler,  or  even  from  being  parallel  to  it ;  just  aa 
in  the  Transit  or  Theodolite  the  index  or  vemier  need  not  to  bo 

exactly  Tinder  the  vertical  hair  of  the  telescope,  since  the  angular 
deviation  affects  all  the  observed  directions  equally. 

(452)  MetJio^  of  Radiation,  This  is  the  simplest,  though  not 
the  best,  method  of  surveying  with  the  Plane-table.     It  is  especi- 


Fig.  3or. 


ally  applicable  to  survey- 
ing a  field,  as  in  the  figure. 
In  it  and  the  following  fi- 
gures, the  size  of  the  Tabic 
is  much  exaggerated.  Set 
the  instrument  at  any  conve- 
nient point,  asO;  level  it,  ''\ 
and  fix  a  needle  (having  a 
head  of  sealing-wax)  in  the 
board  to  represent  the  sta- 
tion. Direct  the  alidtide  to  any  comer  of  the  field,  as  A,  the  fiducial 
edge  of  the  ruler  touching  the  needle,  and  draw  an  indefinite  line  by 
it.  Measure  OA,  and  set  off  the  distance, to  any  desired  scale,  from 
the  needle  point,  along  the  line  just  drawn,  to  a.  The  fine  OA  is 
Ihus  platted  on  the  paper  of  tho  table  as  soon  as  determined  in  the 
field.  Determine  and  plat  in  the  same  way,  OB,  00,  &e.,  to  5,  c, 
&c.  Join  ab,  he,  k,c.,  and  a  complete  plat  of  the  field  is  obtained. 
Trees,  houses,  hiHs,  bends  of  rivers,  &c,,  may  he  determnied  in 
the  same  manner.  The  corresponding  method  with  the  Compass 
or  Transit,  was  described  in  Articles  (258)  and  (391).  The  table 
may  be  set  at  one  of  the  angles  of  the  field,  if  more  convenient. 
If  the  alidade  has  a  telescope,  the  method  of  measuring  distances 
with  a  stadia,  described  in  Art.  (WIS),  may  be  here  applied  with 
great  advantage, 

20 
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(IS3)  Method  of  ProgressiM.    Let  ABCD,  &c.,  he  t 
to    be    surveyed.  _  Fig.  sna. 

Fix  a  needle  at  a 

convenient     point  / .  f\  \  ^ 

of  the  Piano-table,  ; 
near  a  comer  so 
as  to  leave  room 
for  tlie  plat,  and 
act  np  the  tattle  at 
B,  the  second  an- 
gle of  the  line,  so 
that  the  needle, 
whose  point  repre- 
sents B,  and  which  should  be  named  b,  shall  ho  exactly  over  tliat 
station.  Sight  to  A,  pressing  the  fiducial  edge  of  the  ruler  against 
the  needle,  and  draw  a  line  by  it.  Measure  BA,  and  set  off  ita 
length,  to  the  desired  scale,  on  the  line  just  drawn,  from  &  to  a 
point  a,  representing  A.  Then  sight  to  C,  draw  an  indefinite  line 
by  the  ruler,  and  on  it  set  off  the  length  of  EC  from  6  to  c.  Fix 
the  needle  at  a.  Set  up  at  0,  the  point  e  being  over  this  station, 
and  make  the  line  cb  of  the  plat  coincide  in  direction  with  CB  on 
the  gi-onnd,  by  placing  the  edge  of  the  ruler  on  cb,  and  turning  the 
table  till  the  sights  point  to  B.  The  compass,  if  the  table  have 
one,  will  facilitate  this.  Then  sight  forward  from  C  to  D,  and  fix 
CD,  nd  on  the  plat,  as  bo  was  fixed.  Set  up  at  D,  make  do  coincide 
with  DC,  and  proceed  as  before.  The  figure  shews  the  lines 
drawn  at  each  successive  station.  The  Table  drawn  at  A  shews 
how  the  survey  might  he  commenced  there. 

In  going  around  a  field,  the  work  would  be  proved  by  the  last 
line  "closing"  at  the  starting  point ;  and,  during  the  progress  of 
the  survey,  by  any  direction,  as  from  C  to  A  on  the  ground,  coin- 
ciding with  the  corresponding  hne,  ca,  on  the  plat. 

Thia  method  is  substantially  the  same  as  the  method  cf  survey- 
ing  a  Hne  with  the  Transit,  explained  in  Art.  (372).  It  requires 
ah  the  pomts  to  be  accessible.  It  is  especially  suited  to  the  sur 
vaj  of  a  road,  a  brook,  a  winding  path  through  woods,  &e.  The 
ofEsets  rei^ulred  may  often  be  sketched  in  by  eye  with  sufficient 
precision. 
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When  the  paper  ia  filled,  put  on  a  new  sheet,  and  begin  by  fixing 
on  it  two  points,  such  ss  G  and  D,  which  were  on  the  foi-mer  sheet, 
and  from  them  proceed  as  before.  The  sheets  can  then  be  after- 
wirda  nnited,  so  that  all  the  points  on  both  shall  be  in  their  true 
relatiTe  positions. 

(154)  flleOio^  of  tetfirsectioii.    This  is  tl    m  t        1      1 

Uie  most  rapiil  method  of  using  the  Plane-table      The  p  nc  pie 
■was  referred  to  ill  Articles  (259)  and  (392).     Seta]   tiie     st 
ment  at  any  convenient  point,  as  X  in  the  figure  i   1       1 1  to  nil 


the  desired  points  A,  B,  C,  &c,,  which  are  visible,  and  draw  inde- 
finite lines  in  their  directions.  Measure  any  line  XY,  Y  being 
one  of  tbe  points  siglited  to,  and  set  off  thia  line  on  the  paper  to 
any  scale.  Set  up  at  T,  aad  turn  the  table  till  tJie  line  XY  on 
the  paper  lies  in  the  direction  of  XY,  on  the  ground,  as  at  C  in  the 
last  method.  Sight  to  all  the  former  points  and  draw  lines  in  their 
directions,  and  the  intersections  of  the  two  lines  of  sight  to  each 
point  will  detei-mine  them,  by  the  Fourth  Method,  Art.  (8). 
Points  on  the  other  side  of  the  line  XY  could  he  determined  at  the 
same  time.  In  suvveying  a  field,  one  side  of  it  may  be  taken  for 
the  base  XY.  Very  acute  or  obtuse  intersections  should  ■  be 
avoided.  30'  and  150°  should  be  the  extreme  limits.  The  impos- 
eibility  of  always  doing  this,  renders  this  method  often  deficient  in 
precision.  Wlien  the  paper  is  filled,  put  on  a  new  sheet,  by  fixing 
on  it  two  known  pomts,  as  m  the  preceding  method. 
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(455)  Metijod  of  Ressctifiiii    Tliia  method  (called  by  the  French 

Reoov/pemmif)  is  a  modification  of  the  preceding  method  of  Liter 

Fig,  310. 


section.  It  requires  tJie  measurement  of  only  one  distance,  but  all 
the  points  CQUst  be  accessible.  Let  AB  be  tlie  measured  distance. 
Lay  it  off  on  the  paper  as  ab.  Set  the  table  up  at  B,  and  turn  it 
till  the  line  Id  oa  the  paper  coincides  -with  BA  on  the  ground,  as 
in  the  Method  of  Progresaion.  Then  sight  to  C,  and  draw  an  inde- 
finite line  by  the  ruler.  Set  up  at  C,  and  turn  the  line  last  drawn 
so  as  to  point  to  B.  Fix  a  needle  at  a  on  the  table,  place  the 
alidade  against  the  needle  and  turn  it  till  it  sights  to  A.  Then  the 
point  in  which  the  edge  of  the  ruler  cuts  the  line  drawn  from  E 
will  bo  the  point  o  on  the  table.  Next  sight  to  D,  and  draw  an 
indefinite  line.  Set  up  at  D,  and  make  the  line  last  drawn  point 
to  C.  Then  fix  the  needle  at  a  or  h,  and  by  the  alidade,  as  at  the 
last  station,  get  a  new  line  back  from  cither  of  them,  to  cut  the  last 
drawn  line  at  a  point  which  will  be  d.  So  proceed  as  far  as  de- 
sired. 

C458)  To  orient  lli«  table.*  The  operation  of  orientation  con- 
sists in  placing  the  table  at  any  point  so  that  lis  lines  shall  have 
the  same  directions  as  when  it  was  at  previous  stations  in  the  aamo 
Burvey. 


•  The  Fve 

ch  phvase.  To  o 

rittil  ODe's  self,  ™eanl 

QEually  with 

respeol  t..  llie  fn 

■ho  leudiiig  0 

le,  well  deserve 

8  imtiu-ahzalion  jii  oh 

langu.g 
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Fig.  311, 


With  a  compass,  this  is  very  easily  effected  by  turning  the  table 
fill  the  needle  of  the  attached  compass,  or  that  of  the  Declinator, 
placed  in  a  feed  position,  pomta  to  the  same  degree  as  when  at 
the  previous  station. 

Without  a  compass  the  table  is  oriented,  when  set  at  one  end  of 
a  line  peeviously  detemiined,  by  sighting  back  on  this  line,  as  at  0 
in  the  Method  of  Progression,  Art.  (SiSS). 

To  orient  the  table,  Trhea  at  a  Station  unconnected  with  others, 
is  more   difficult.      It   may  be 
effected  thus.    Let  ah  on  the  ta- 


ble represent  a  line  AB  on  the  -^ 
ground.  Set  up  at  A,  make  at 
coincide  with  AB,  and  draw  i 
line  from  a  directed  towards  a  ^^ 
ateeple,  or  other  conspicuoua  ob- 
ject, as  S.  Do  the  same  at  B.  Draw  a  line  cd,  parallel  to  ab, 
and  intercepted  between  aS,  and  5S.  Divide  ah  and  cd  into  the 
same  number  of  equal  parts.  'J3ie  table  is  then  prepared,  Now 
let  there  be  a  station,  P,^  on  the  table,  at  which  the  table  is  to  be 
oriented.  Set  the  table,  so  that  p  is  over  P,  apply  the  edge  of  the 
ruler  to  p,  and  turii  it  till  this  edge  cuts  vd  in  the  division  corre- 
sponding to  that  in  which  it  cuts  ah.     Then  turn  the  table  till  the 


sights  point  to  S,  and  tlie  table  will  be  oriented. 

(457)  fa  Oad  one's  place  osi  the  groimd.  This  problem  may 
be  otherwise  expressed  as  Interpolating  a  point  in  a  plat.  It  is 
most  easily  performed  by  reversing  the  Method  of  Intersection, 
bet  up  the  tible  ovei  the   tation,  "^'S-  si^. 

0  m  the  figuie  who=*e  place  on 
the  plat  aheady  on  tie  table  is 
desire  1  and  on<>vit  t  bj  e  f 
the  means  desoiihed  n  tl  1 
ai-ticle  MaVe  the  1  f  ti 
mlei  paa«  thionah  b  m  pon  a 
on  the  tible  and  tm  t  tiD  tJ  e 
Bi^l  ta  p  int  to  t!  e  crrreej  nnding 
stit  on    \.    i\  tht  f,      n  1      Draw  a  line  by  the  ruler.     The  desired 
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[loiiit  13  somcwlicie  in  this  line.  Mate  the  ruler  pass  through 
aiiotlier  pulnt,  h  911  the  talile,  and  make  tlie  sights  puint  to  B  on 
the  ground  Draw  a  second  line,  and  its  interseutaon  with  the 
first  iviU  he  the  pomt  desired.  Using  C  in  the  same  way  ivould 
give  a  third  line  to  prove  the  work.  This  operation  may  Le  used 
as  a  new  method  of  surveying  with  the  plane-table,  since  imy 
number  of  points  can  have  their  places  fixed  in  tiie  same  manner. 

Thia  problem  may  also  be  executed  on  tke  principle  of  Trilinear 
Surveying.  Three  points  being  given  on  the  table,  lay  on  it  a  piece 
of  transparent  paper,  fix  a  needle  any  where  on  this,  and  with  the 
alidade  sight  and  draw  lines  towards  each  of  these  three  points 
on  the  ground.  Then  use  this  paper  to  find  the  desired  point,  pre- 
cisely as  directed  in  the  last  sentence  of  Art.  (398),  page  277. 

(15S)  lnaccessil»Je  dlsiancesi  Many  of  the  problems  in  Part 
VII.  can  be  at  once  solved  on  the  ground  by  the  plane-table,  smce 
it  is  at  the  same  time  a  Goniometer  and  a.  Proti'aetor,  Thus,  the 
Problem  of  Art.  (435)  may  be  solved  as  follows,  on  the  principle 
of  the  construction  in  the  last  paragraph  of  that  article.  Set  the 
table  at  C.  Mark  on  it  a  point,  c',  to  represent  C,  placing  (/ 
vertically  over  C.  Sight  to  A,  E  and  D,  and  draw  correspondmg 
lines  from  e'.  Set  up  at  D  mai'k  any  point  on  the  line  drawn  from 
e'  towards  D,  and  call  t  ?  Let  I  be  exactly  over  D,  and  direct 
f(!V  toward  C.  The  s  ht  to  A  a  IB,  and  draw  corresponding 
lines,  and  their  intersect  0  s  w  tl  the  lines  before  drawn  towards 
A  and  E  will  fix  poii  ts  a  1  6  Then  on  the  line  joining  a  and 
h,  given  on  the  papei  to  leprese  t  A  and  B,  db  being  eqaal  to  AB 
on  any  scale,  construct  a  figure,  abed,  similar  to  a'h'o'd',  and  the 
line  cd  thus  det-emnned  wiU  represent  CD  on  the  same  scale  as  AB 
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SURVEYING  WITHOUT  INSTRUMENTS. 

(459)  The  Principles  wtich  were  established  in  Part  I,  and  subse- 
quently applied  to  surveying  with  various  instruments,  may  also  be 
employed,  with  tolerable  correctness,  for  detennining  and  represent- 
ing the  relative  positions  of  larger  or  smaller  portions  of  the  earth's 
surface  without  any  Instruments  but  such  as  can  be  extemporized. 
The  prominent  objects  on  the  ground,  such  as  houses,  trees,  tlie 
summits  of  hills,  the  bends  of  rivers,  the  crossings  of  roads,  &c., 
are  regarded  aa  "pointe"to  be  "  determined."  Distances  and 
angles  are  consequently  required.  Approximate  methods  of 
obtaining  these  will  therefore  be  first  given. 

(160)  Dislances  Dy  pacii^i  .Quite  an  accurate  measurement 
of  a  line  of  ground  may  be  made  by  walking  over  it  at  a  uniform 
pace,  and  counting  tbo  steps  talien.  But  the  art  of  walking  in  a 
straight  line  must  first  be  acqtdred.  To  do  this,  fix  the  eye  on  two 
objects  in  the  desired  line,  such  as  two  trees,  or  bushes,  or  stones, 
or  tufts  of  grass.  Walk  forward,  keeping  the  nearest  of. these 
objects  steadily  covering  the  other.  Before  getting  up  to  the 
nearest  object,  choose  a  new  one  in  line  farther  ahead,  and  then 
proceed  as  before,  and  so  on.  It  ia  better  not  to  attempt  to  make 
each  of  the  paces  three  feet,  but  b  take  steps  of  the  natural  length, 
and  to  ascertain  the  value  of  each  by  walking  over  a  known  dis- 
tance, and  dividing  it  by  the  number  of  paces  required  to  traverse 
it.  Every  person  should  thus  determine  the  usual  length  of  his 
own  steps,  repealing  the  experiment  sufSciently  often.  The  Prench 
"Geographical   Engineers "  accustom  themaelves  to  take  regular 
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steps  of  eiglib-tenths  of  a  metre,  equal  to  two  feet  seven  and  a  hal£ 
inches.  The  English  military  pace  is  two  feet  and  six  inches. 
This  is  regarded  as  a  usual  average.  108  such  paces  per  minute 
give  3.07  English  miles  per  hour.  Quick  pacing  of  120  such  paces 
per  minute  gives  8.41  miles  per  hour.  Slow  paces,  of  three  feet 
each  and  60  per  minute,  give  2,04  miles  per  hour." 

An  instrument,  called  a  Pedometer,  has  been  contrived,  Vfhich 
counts  the  steps  taken  by  one  wearing  it,  without  any  attention  on 
his  part.  It  is  attached  to  the  body,  and  a  cord,  passing  from  it 
to  the  foot,  at  each  step  moves  a  toothed  wheel  one  division,  and 
some  intermediate  wheelwork  records  the  whole  number  upon  a  dial. 

(461)  DiSfanceS  fcy  fisunl  angles.  Prepare  a  scale,  by  marking 
off  on  a  pencil  what  length  of  it,  when  it  is  held  off  at  arm's  length, 
a  man's  height  appears  to  cover  at  different  distances  (previously 
measured  with  accuracy)  of  100,  500,  1000  feet,  &c.  To  apply 
this,  when  a  man  ia  seen  at  any  unknown  distance,  hold  up  the 
pencil  at  arm's  length,  making  the  top  of  it  come  in  the  line  from 
the  eye  to  his  head,  and  placing  the  thumb  nail  in  the  line  from 
Fig.  313, 


the  eye  to  his  feet,  as  in  Fig,  313.  Tho  pencil  having  been  previ- 
ously graduated  by  the  method  above  explained,  the  portion  of  it 
now  intercepted  between  these  two  lines  will  indicate  the  corre- 
sponding distance. 

If  no  previous  scale  have  been  prepared,  and  the  distance  of  a 
man  be  required,  taKe  a  foot-rule,  or  any  measure  minutely  divided, 
hold  it  off  at  arm's  length  as  before,  and  see  how  much  a  man's 
height  covers.  Then  knowing  the  distance  from  the  eye  to  the 
rule,  a  statement  hy  the  Rule  of  Three  (on  the  principle  of  similar 
triangles)  will  give  the  distance  required.  Suppose  a  man's  height, 
of  70  mches,  covers  1  inch  ofthe  ruie.     He  is  then  70  times  as  far 

*  A  hni'se,  on  a  walk,  avevages  3;i0  fepl  per  minute,  on  a  Wot  (!50.  and  on  a  com 
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from  the  eye  as  the  rule ;  and  if  its  distance  be  2  feet,  that  of  the 
man  is  140  feet.  Instead  of  a  man's  height,  that  of  an  ordinary 
house,  of  an  apple-tree,  the  length  of  a.  fence-rail,  &c.,  may  he 
be  taien  as  the  standard  of  comparison. 

To  keep  the  arm  immovable,  tie  a  string  of  known  length  to  the 
pencil,  and  hold  between  the  teeth,  a  knot  tied  at  the  other  end  of 
tbe  string. 

(463)  Distances  by  visibililyi  The  degree  of  vialbihty  of  vari- 
ous well-known  objects  will  indicate  approximately  how  far  distant 
they  are.  Thus,  by  ordinary  eyes,  the  windows  of  a  large  house 
can  be  counted  at  a  distance  of  about  13000  feet,  or  2^  miles ; 
men  and  horses  will  be  perceived  as  points  at  about  half  that  dis- 
tance, or  1^  miles ;  a  horse  can  be  clearly  distinguished  at  about 
4000  feet ;  the  movements  of  men  at  2600  feei,  or  half  a  mile ; 
and  the  head  of  a  man,  occEisionEdly,  at  2300  feet,  and  very  plainly 
at  1300  feet,  or  a  quarter  of  a  mile.  The  Arabs  of  Algeria  define 
a  mile  as  "  the  distance  at  which  you  can  no  longer  distinguish  a 
man  from  a  woman."  Tiiese  distances  of  visibility  will  of  course 
vary  somewhat  with  the  state  of  the  atmosphere,  and  still  more  with 
individual  acutenesa  of  sight,  but  each  person  should  make  a  corre 
spending  scale  for  himself. 

(465)  BiStancca  by  snuiid.  Sound  passes  through  the  air  with 
a  moderate  and  Imown  velocity ;  light  passes  almost  instantaneously. 
If,  then,  two  distant  points  be  visible  from  each  other,  and  a  gun 
be  fired  at  night  from  one  of  them,  an  observer  at  the  other,  noting 
by  a  stop-watch  the  time  at  which  the  flash  is  seen,  and  then  that 
at  which  the  report  ia  heard,  can  tell  by  the  intervening  number  of 
seconds  how  far  apart  the  points  are,  knowing  how  far  sound  travels 
in  a  second.  Sound  moves  about  1090  feet  per  second  in  dry  air, 
with  tbe  temperature  at  the  freezing  point,  32°  Fahrenheit.  Tor 
higher  or  lower  temperatures  add  or  subtract  1^  foot  for  each  degree 
of  Fahrenheit.  If  a  wind  blows  with  or  against  the  movement  of 
the  sound,  its  velocity  must  be  added  or  subtracted.  If  it  blows 
obliquely,  the  correction  ml!  evidently  equal  its  velocity  multipHed 
by  the  cosine  of  tlie  angle  which  the  direction  of  the  wind  makes 
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with  the  direction  of  tlie  sound.*  If  the  gun  be  fired  at  each  end 
of  the  base  in  turn,  and  the  means  of  the  times  taken,  the  effect  of 
the  wind  will  be  eliminateri. 

If  a  wateli  is  not  at  hand,  suspend  a  pebble  to  a  string  (such  as 
a  thread  drawn  from  a  handkerchief)  and  count  its  vibrations.  If 
it  be  39J  inches  long,  it  will  vibrate  in  one  second ;  if  9|  inches 
long,  in  half  a  aeeond,  &c.  If  it^  length  ia  unknown  at  the  time, 
still  count  its  vibrationa  ;  treasure  it  subsequeiitlj  ;  and  then  will 
the  time  of  its  vibration,  in  seconds,  =  w  | — ^-_--_i_i  a . 

(4G4)  AugSes.  Right  angles  are  those  most  frequently  required 
hi  this  kind  of  survey,  and  they  can  be  estimated  by  the  eye  with 
much  accuracy.  If  other  angles  are  desired,  they  will  be  deter- 
mined by  meaauiing  equal  distances  along  the  Imea  which  make  the 
angle,  and  then  t!ie  line,  or  chord,  joining  the  ends  of  these  distan 
ces,  thus  foiTDing  chain  angles,  explained  in  Art.  (Bfifi). 

(4E3)  BIctliods  of  operatittH.  The  "  First  Method"  of  deter 
mining  the  position  of  a  point.  Art.  (5) ,  is  the  one  most  generally 
applicable.  Some  line,  as  AB  in  Fig.  1,  is  paced,  or  otherwise 
measured,  and  then  the  lines  AS  and  BS  ;  the  point  S  is  thus  de 
termined. 

The  "  Second  Method,"  Art.  (Si),  is  also  much  employed,  the 
ri^t  angles  being  obtained  by  eye,  or  hy  the  easy  methods  given 
in  Part  II,  Chapter  V,  Arts.  (140),  &o.  It  is  used  for  offsets,  as 
m  Part  II,  Chapter  III,  Arts.  (114),  &c. 

The  "  Third  Method,"  Art.  (7),  may  also  be  used,  the  angles 
being  determined  as  in  Art,  (404). 

The  "Fourth  Method,"  Art.  (8),  may  also  bo  employed,  the 
angles  being  similai'Iy  determined. 

Tho  "  Fifth  Method,"  Art.  (10),  would  seldom  be  used,  unless 
by  making  an  extempore  plane-table,  and  proceeding  as  directed 
in  the  last  paragraph  of  Art.  (dSf). 

•  A  geiiile,  plenaant  wind  has  fl  vplncity  of  10  fret  per  eeconii ;  a  biiBit  gale 
BO  feet  per  Beeoild  ;  a  vei-y  brisk  gala  30  feel ;  a  bigli  wind  50  fcet ;  a  veiy  high 
wind  70  feet :  a  storm  or  lempeal  80  feet ;  a.  greut  atoim  l[iO  feet ;  a  Imnicaue 
130  faet ;  and  a  violent  hiirrioaiie,  that  tears  up  trees,  &c.,  ISO  feet  per  seeoni! 
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The  method  referred  to  in  Art.  (11)  may  also  be  employed. 

When  a  sketch  has  made  Bome  progress,  new  points  may  h-^ 
fixed  on  it  by  their  being  in  Una  with  others  already  determined. 

AJl  these  methods  of  operation  are  shown  in  the  following  figmr 
AE  is  a  line  paced,  or  otherwise  measured  approximately. 


The  hill  C  ia  determined  by  the  first  method.  The  river  on  the 
other  side  of  AU  is  determined  by  ofeeta  according  to  tie 
Second  Method.  TbehouseDis  determined  by  the  Third  Method, 
EBF  being  a  chain  angle.  The  house  Gf  is  determined  by  the 
Fourtli  Metliod,  chain  angles  being  measured  at  B  and  H,  a  point 
in  AB  prolonged.  The  pond  K  is  determined,  as  in  Art.  (II),  by 
the  intersection  of  the  alinements  CD  and  GH  prolonged.  The 
bend  of  the  river  at'  L  is  determined  by  its  distance  from  H  in 
the  line  of  AH  prolonged.  A  new  base  line,  HM,  is  fixed  by  a  chain 
angle  at  H,  and  employed  hke  the  former  one  so  as  to  fix  the  hill 
at  N,  &c.  All  these  methods  may  thus  be  used  collectively  and 
successively.  The  necessary  lines  may  always  be  ranged  with 
rods,  as  directed  in  Art.  (169),  and  very  many  of  the  instrumental 
methods  already  explained,  may  be  practiced  with  extempore  con- 
trivances. The  use  of  the  Plane-tabla  is  an  admirable  prepara- 
tion for  this  style  of  surveying  or  sketching,  which  is  most  frc- 
qviently  employed  by  Military  Engmeers,  though  they  generally 
use  a  prismatic  Compass,  or  pocket  Sextant,  and  a  sketching  case, 
wLich  may  serve  as  a  Plane-table. 
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(466)  The  Plat  of  a  survey  necessarily  has  many  linea  of  constrao 
tion  drawn  upoa  it,  i\'hich  arc  not  needed  in  the  finished  map 
These  lines,  and  the  mai-ks  of  instruments,  so  disfigure  the  papei 
that  a  fair  copy  of  the  plat  is  visually  made  before  the  map  is 
finished.  The  various  metlioda  of  copying  plats,  kc,  whether  on 
the  same  scale,  or  reduced  or  enlarged,  will  therefore  now  be 
described. 

(4fi7)  Stretcltiug  t!ie  paper.  If  the  map  is  to  be  colored,  the 
paper  must  first  be  ■wetted  and  stretched,  or  the  application  of  the 
wet  colors  will  cause  its  surface  to  swell  or  blister  and  become  uneven. 
Therefore,  with  a  soft  sponge  and  clean  water  wet  the  back  of  the 
paper,  working  from  the  centre  outward  in  all  directions.  The 
"  water-mark"  reads  correctly  onlj  when  looked  at  from  the  front 
side,  which  it  thus  distinguishes.  When  the  paper  is  thoroughly 
wet  and  thus  greatly  expanded,  glue  its  edges  to  the  drawing  board, 
for  half  an  inch  in  width,  turning  them  up  against  a  ruier,  passmg 
the  glue  along  them,  and  then  turning  them  down  and  pressing 
them  with  the  ruler.  Some  prefer  gluing  down  opposite  edges  in 
succession,  and  others  adjoining  edges.  The  paper  must  he  modo 
rately  stretched  smooth  during  the  process.  Hoi  glue  is  best. 
Paste  or  gum  may  be  used,  if  the  paper  he  kept  wet  hy  a  damp 
clotli,  so  that  the  edges  may  dry  first.     "  Mouth-glue  "  may  be  used 
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bj  rubbing  it  (moistenecl  in  tbe  mouth  or  in  boiling  water)  along  the 
turned  up  edges,  and  then  rubbing  tbem  dxj  by  an  ivory  folder,  a 
piece  of  dry  paper  being  interposed.  Ae  tbia  is  a  slower  proeesa, 
the  middle  of  each  side  should  first  be  fastened  do-wn,  then  the  four 
angles,  and  lastly  the  intermediate  portions.  "When  the  paper 
becomes  dry,  the  creaaes  and  packerings  will  have  disappeared, 
and  it  will  be  as  smooth  and  tight  as  a  drum-head. 

(468)  Copying  Ity  IraclER.  rii  a  large  pane  of  clear  glass  in 
a  frame,  so  that  it  can  be  supported  at  any  angle  before  a  window, 
or,  at  night,  in  front  of  a  lamp.  Place  the  plat  to  be  copied  on 
this  glaaa,  and  the  clean  paper  upon  it.  Connect  thorn  by  pins, 
&c.  Trace  all  the  desired  lines  of  the  original  with  a  sharp  pencil, 
as  lightly  as  they  can  be  easily  seen.  Take  care  that  the  paper 
does  not  slip.  If  the  plat  is  larger  than  the  glass,  copy  its  pai-ts 
successively,  being  very  careful  to  fix  each  part  in  its  true  relative 
position.  Ink  the  hues  with  India  ink,  making  them  very  fine  and 
pale,  if  the  map  is  to  be  afterwards  colored. 

(469)  Copying  ©a  truciisg  paper.  A  thin  transparent  paper  ia 
prepared  expressly  for  the  purpose  of  making  copies  of  maps  and 
drawings,  but  it  is  too  delicate  for  much  handling.  It  may  be  pre- 
pared by  soaking  tissue  paper  in  a  mixture  of  turpentine  and 
Canada  balsam  or  balsam  of  fir  (two  parts  of  the  former  to  one  of 
the  latter),  and  drying  very  slowly.  Cold  drawn  lir^eed  oil  wdl 
answer  tolerably,  the  sheets  being  hang  up  for  some  weeks  to  dry. 
linen  is  also  similarly  prepared,  and  sold  under  the  name  of 
"Vellum  tracing  paper."  It  is  less  transparent  than  the  tracing 
paper,  but  is  very  strong  and  durable.  Both  of  these  are  used 
rather  for  preserring  duplicates  than  for  finished  maps. 

(170)  Copying:  by  translter  paper.  This  ia  fiim  paper,  one  side 
of  which  is  rubbed  with  blacklead,  &c.,  smoothly  epread  by  cotwa. 
It  is  laid  on  tlie  clean  paper,  the  blackened  side  downwai'd,  and 
the  plat  is  placed  upon  it.  All  the  lines  of  the  plat  are  then  gone 
over  with  moderate  pressure  by  a  blunt  point,  such  as  the  eye-end 
of  a  email  needle.     A  faint  tracing  of  these  lines  will  then  be  found 
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on  the  clean  paper,  and  can  be  inked  at  leisure.  If  the  original 
cannot  he  thus  treated,  it  may  first  be  copied  on  tracing  paper, 
and  this  copy  be  thus  transferred.  If  the  transfer  paper  be  pre- 
pared by  rubbing  it  with  lampblack  ground  up  with  hard  soap,  its 
lines  will  be  ineffaceable.     It  is  then  called  "  Camp-paper." 

(iJI)  Copjin?  by  jtunclBres.  Fix  the  clean  paper  on  a  draw- 
ing board  and  the  plat  over  it.  Prepare  a  fine  needle  -with  a  seal- 
ing wa^  hpid  Hold  it  very  truly  perpendicular  to  the  hoard,  and 
pnck  thi  ugh  eieij  an^le  of  the  plat,  and  e  eiy  coiner  and  mter 
section  of  its  other  bnes  such  as  hcuaes  fences,  &e  ,  oi  at  least 
the  t'^o  en  Is  of  every  Ime  F  i  cir  les,  the  centte  and  one  pomt 
of  the  cncumferente  iie  lufBcient  For  irregular  cuiyes  such  ts 
ri/er^  !.,<.  ,  enough  joints  mibt  be  piicked  to  indicate  all  then 
sinuosities  Work  -with  sytem  finishing  up  one  strip  at  i  time, 
so  as  not  to  omit  any  necessary  points  nor  to  puck  thi  Dugh  any 
twice,  though  tlie  littei  is  sifei  Wliba  comjleted,  lemove  the 
pKt  The  cipy  -will  pieseut  a  Tvilleiness  ol  fine  points  Select 
th  96  whn,h  deteimine  tbe  leiding  hne-f  ai  d  then  the  le  t  will  be 
eisily  rewgmaed  A  beginner  should  fii'st  peu'^.il  the  lines  lightly, 
and  then  mk  them  An  e\[  enenced  diaftaman  will  omit  the  [  en- 
"ilhng  Tno  01  three  copies  mny  be  thus  piiclred  thiough  at  once 
The  holes  in  the  original  plat  may  be  made  nearly  invisible  by 
rubbing  them  on  the  back  of  the  sheet  with  a  paper-folder,  or  the 
thumb  nail. 

(472)  Copyinfr  bj  f  nterscclionsi  Draw  a  line  on  the  clean  paper 
er[ual  in  length  to  soma  important  line  of  the  original.  Two  atart- 
mg  ymts  aio  thu=(  ohtimed  Take  m  the  dividers  the  distance 
from  one  end  of  the  line  on  the  original  to  a  third  point.  iVim 
the  coiie'^[onding  end  on  the  copy,  describe  an  arc  with  this  dis- 
tance for  ladms  and  about  T^lieie  the  point  will  come.  Take  the 
distinoe  on  the  ougmal  from  the  other  end  of  the  line  to  the  point, 
and  descube  a  cunesponding  aic  on  the  copy  to  intersect  the 
foimer  aie  in  a  pomt  which  ivill  be  that  desired.  The  principle 
of  the  opeiatioa  is  that  of  our  '  Fust  Method,"  Art,  (5).  Two 
paiio    f  f1i\ideis  m->v  be  ubpI  i=  explained  in  Art.  (flO).     "  Tri- 
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angular  compassesj"  having  throe  legs,  are  used  hy  fixing  two  of 
their  iega  oe  the  two  ^ven  points  of  the  origiaal,  and  the  third  leg 
on  the  point  to  be  oopied,  and  then  transferring  them  to  the  copy. 
All  the  points  of  the  ori^al  can  thus  be  accurately  reproduced. 
The  operation  is  however  very  slow.  Only  the  chief  points  of  a 
plat  may  be  thus  transferred,  and  the  details  filled  in  hy  the  fol- 
lowing method. 

(1T3)  Copying  I>y  siiiiarcs.  On  the  original  plat  draw  a  series 
of  pai-allel  and  equidistant  lines.  The  T  square  does  this  most 
readily.  Draw  a  similar  series  at  right  angles  to  these.  The  plat 
will  then  he  covered  with  squares,  as  in  Fig.  38,  page  48.  On 
the  clean  paper  draw  a  similar  series  of  squares.  The  important 
points  may  now  be  fixed  as  in  the  last  article,  and  the  rest  copied 
by  eye,  all  the  points  in  each  square  of  the  original  being  properly 
placed  in  the  cori'esponding  square  of  the  copy,  noticing  whether 
they  are  near  the  top  or  hotcom  of  each  square,  on  its  right  or  left 
side,  &c.  This  method  is  rapid,  and  in  skilful  hands  quite  accu- 
rate. 

Instead  of  drawing  lines  on  the  original,  a  sheet  of  transparent 
paper  centring  them  may  be  placed  over  it ;  or  an  open  frame 
with  threads  stretched  across  it  at  equal  distances  and  at  right 
angles. 

This  method  supplies  a  transition  to  the  IteducUon  and  Enlarge- 
ment of  plats  in  any  desired  ratio ;  under  which  \i%^&C<ypying'\iy 
the  Pantagraph  and  Camera  Lucida  will  be  noticed. 

(474)  BeilMcfii^  fey  squares.  Begin,  as  in  tlie  preceding  article, 
by  drawing  squares  on  the  original,  or  placing  them  over  it.  Then 
on  the  clean  paper  draw  a  similar  set  of  squares,  but  with  their 
sides  one-half,  one  third,  &c.,  (according  to  the  desired  reduction), 
of  those  of  the  ori^nal  plat.  Then  proceed  as  before  to  copy  into 
each  small  square  all  the  pojnts  and  lines  found  in  the  large  square 
of  the  plat  in  their  trae  positions  relative  to  the  sides  and  corners 
of  the  square,  observing  to  reduce  each  distaaiee,  hy  eye  or  aa 
directed  in  the  following  article,  in  the  given  ratio. 
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(IT.?)  Reducing  by  pro^arfiofflal  sca5es.  Mtuiy  graphical  me- 
thods of  finding  the  proportionate  length  on  the  copy,  of  any  line  of 
tlie  original,  may  be  used.  The  "Angle  of  reduction"  is  con 
stnicted  thus.     Draw  any   line  ^q 

AD.     With  it  for  radius  and  A  f'E-  ^'s.       ^::^vr~ 

for  centre,  describe  an  indefinite  ^^C\\\\\ 


With  B  for  centre  and 


radius  equal  to  one-half,  one-third,  .,-c<'''^>^^\\\\'^  \\\\  ^ 

kc,  of  AB  aceordmg  to  the  de-  ^f<^\\\  \\\\\]\\\\\  [  ]\]\\ , 
wred  reduction  describe  another  a  d  b 

arc  intersecting  the  former  are  in  C.  Join  AC.  From  A  as 
centre  describe  a  series  of  are?.  Now  to  reduce  any  distance, 
take  it  in  the  dividers,  and  set  it  off  from  A  on  AE,  as  to  D.  Then 
the  distance  from  D  to  E,  the  other  end  of  the  arc  passing  through 
D,  will  be  the  proportionate  length  to  be  set  off  on  the  copy,  in  the 
manner  directed  in  Art.  (4J2). 

The  Sector,  or  "  Compass  of  proportion,"  described  In  Art.  (52), 
presents  such  aa  "Angle  of  reduction,"  always  ready  to  he  used 
in  this  manner. 

The  "  Angle  of  reduction  "  may  be  sunplified  Fig.  3ie. 

thus.  Draw  a  line,  AB,  parallel  to  one  side 
of  the  drawing  board,  and  another,  EC,  at  right 
angles  to  it,  and  one-half,  &c.,  of  it,  as  desired. 
Join  AC.  Then  let  AD  be  the  distance  re- 
quired to  be  reduced.  Apply  a  T  square  so 
aa  to  pass  through  D.  It  will  meet  AC  in 
some  point  E,  and  DE  will  be  the  reduced 
length  required.  ■ 

Another  arrangement  for  the  same  object  is  sh 
Draw  two  lines,  AB,  AC,  at  any  angle,  and  de- 
scribe a  series  of  arcs  from  their  intersection.  A, 
as  in  the  figure.  Suppose  the  reduced  scale  is  to  ^^ 
he  half  the  original  scale.  Divide  the  outermost 
arc  into  three  equal  parts,  and  draw  a  line  from 
A  to  one  of  the  points  of  division,  aa  D.  Then 
eaeh  arc  wil!  be  divided  into  parts,  one  of  which 
is  twice  the  other.  Take  any  distance  on  the  ori- 
ginal scale,  and  find  by  trial  which  of  the  area  on 
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the  right  hand  aide  of  the  figure  it  con-esponds  to.     The  other  part 
of  that  arc  will  he  half  of  it,  as  desired. 

"  Proportional  compasses,"  being  properly  set,  reduce  lines  in 
any  desired  ratio.  A  simple  form  of  them,  known  as  "  Wholea 
and  halves,"  is  often  useful.  It  consists  of  two  slender  bars,  pointed 
at  each  end,  and  united  hy  a  pivot  which  is  twice  as  far  from 
one  pair  of  the  points  as  from  the  other  pair.  'Xhe  long  ends  being 
Bet  to  anj  distance,  Hie  short  ends  will  give  precisely  half  that  dis- 
tance. 


(476)  KcduciBg  by  a  pautagrapii.  This  instrument  consists  of 
two  long  aad  two  short  rulers,  connected  so  as  to  form  a  parallelo 
grEim,  and  capable  of  being  so  adjusted  that  when  a  tracing  point 
attached  to  it  is  moved  over  the  lines  of  a  map,  &c.,  a  pencil 
attached  to  another  part  of  it  will  mark  on  paper  a  precise  copy, 
reduced  on  any  scale  desired.  It  is  made  in  various  forms.  It  is 
troublesome  to  use,  though  rapid  in  its  work. 


(47J)  Reducing  by  a  camera  Inciala.  This  ia  used  in  the  Coast 
Survey  Office.  It  cannot  reduce  smaller  than  one-fourth,  without 
losing  distinctness,  and  is  very  trying  to  the  eyes.  Squares  drawn 
on  the  original  are  brought  to  apparently  coincide  with  squares  on 
the  reduction,  and  the  details  are  then  filled  in  witli  the  pencil,  as 
seen  through  the  pnsm  of  the  instrument. 


(478)  Enlarging  plats.  Plats  may  be  enlarged  by  the  princi- 
pal methods  which  have  been  given  for  reducing  them,  but  this 
should  be  done  as  seldom  as  possible,  since  every  inaccm-acy  in  the 
ori^nal  becomes  magnified  in  the  copy.  It  is  better  to  make  a 
new  plat  from  the  original  data. 
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(1T9)  Vai-ions  conventional  signs  or  marks  Iiave  been  ailopled, 
more  or  less  generally,  to  represent  on  maps  tlie  ineciualities  of  the 
surface  of  the  ground,  its  different  kinds  of  culture  or  natural  pro- 
ducts, and  the  objects  upon  it,  so  as  not  to  encumber  and  disfigure 
it  with  much  writing  or  majij  descriptive  legends.  This  ia  the 
purpose  of  what  is  called  Topographieal  Mapping. 

(480)  Tlie  relief  ttf  grouiiif.  The  inequalities  of  the  surface 
of  the  earth,  its  elevations  and  depressions,  its  hills  and  hollows, 
constitute  its  "Relief."  The  representation  of  this  is  sometimes 
called  "  Hill  drawing."  Its  difSculty  arises  from  our  being  accus- 
tomed to  see  liills  sideways,  or  "  in  elevation,"  while  tiiey  must 
be  represented  as  they  woald  be  seen  from  above,  or  "  in  plau." 
Various  modes  of  thus  drawing  them  are  used ;  their  positions  being 
l^d  down  m  pencil  as  previously  sketched  by  eye  or  measured. 

If  light  be  supposed  to  fall  vertically,  the  slopes  of  the  ground  vfHH 
receive  less  light  in  proportion  to  their  steepness.  The  relief  of 
ground  will  be  indicated  on  this  principle  by  making  the  steep 
slopes  very  dark,  the  gentier  inclinations  leas  so,  and  leaving  the 
level  surfaces  white.  The  shades  may  be  produced  by  tints  of 
India  ink  applied  with  a  brush,  their  edges,  at  the  top  and  bottom 
of  a  hill  or  ridge,  being  softened  off  with  a  clean  brush. 

If  light  be  supposed  to  fall  obUqueli/,  the  slopes  facing  it  will  be 
light,  and  those  turned  from  it  dark.  This  mode  is  effective,  but 
not  precise.  In  it  the  light  is  usually  supposed  to  come  from  the 
upper  left  hand  comer  of  the  map, 

Rorisontal  contour  lines  are  however  the  best  convention  for 
tins  purpose.  Imagine  a  hUl  to  be  sliced  off  by  a  number  of  e'lui- 
distant  horizontal  planes,  and  their  intersections  with  it  to  be  drawn 
as  they  would  be  seen  from  above,  or  horizontally  projected  on  the 
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map.  These  arc  "  Contour  lines."  They  are  the  same  lines  aa 
would  be  formed  by  water  surrounding  the  hill,  and  rising  one  foot 
at  a  time  (or  any  other  height)  till  it  reached  the  top  of  the  hill. 
The  edge  of  the  water,  or  ite  shore,  at  each  successive  rise,  would 
be  one  of  these  horizontal  contour  lines.  It  is  plain  that  their 
nearness  or  distance  on  the  map  would  indicate  the  steepness  or 
gentleness  of  the  slopes,     A  right  cone  would  thus  be  repre- 

Fig.  318.  Fig.  319.  Fig.  330. 


sented  by  a  series  of  concentric  circles,  as  in  Fig.  318  ;  an  oblique 
cone  by  circles  not  concentric,  but  nearer  to  each  other  on  the  steep 
ade  than  on  the  other,  as  in  Fig.  319  ;  and  a  half-egg,  somewhat 
as  in  Fig.  820. 

Vej-Ueal  sections,  perpendicular  to  these  contour  lines,  are 
usually  combined  with  them.  Thoy  are  the  "  Lines  of  greatest 
slope,"  and  may  he  supposed  to  represent  water  running  down  the 
Bides  of  the  hill.  They  are  also  made  thicker  and  nearer  together 
on  the  steeper  slopes,  to  produce  the  effect  required  by  the  conyen- 
tioa  of  vertical  light  Fig.aai. 

already  referred  to. 
The  marginal  figure 
shews  an  elongated 
half-egg,  or  oval  hill, 
thus  represented. 

The  spaces  between 
the  rows  of  vertical 
"Hatehmgs"  indicate 

the  contour  lines,  which  are  not  actually  drawn.  The  beauty  of 
the  graphical  execution  of  this  work  depends  on  the  uniformity  of 
the  strokes  representing  uniform  elopes,  on  their  perfectly  regular 
gradation  in  thickness  and  nearness  for  varying  slopes,  and  on 
their  being  made  precisely  at  right  angles  to  the  contour  lines 
between  which  they  are  situated. 


Hosted  by 


Google 


324  iMAPPIKfl.  [PAKTx 

The  methocls  of  determining  the  contour  lines  are  applications 
of  LeTclling,  and  will  therefore  he  postponed,  together  with  the 
farther  details  of  "  HiU-drttwing,"  to  the  volume  treating  of  that 
subject,  lyhich  is  announced  in  the  Preface. 

(481)  Signs  fttr  natural  surface.  Sand  is  represented  by  fine 
dote  made  lyidi  the  point  of  the  pen ;  gravel  bj  coarser  dots. 
Bods  are  drawn  in  their  proper  places  in  in'egular  angular  forma, 
imitating  their  true  appearance  aa  seen  from  above.  The  nature 
of  the  rocks,  or  the  ijreohgy  of  the  country,  may  be  shown  by  apply- 
ing the  proper  colors,  as  agreed  on  by  geolog^ta,  to  the  back  of 
the  map,  so  that  they  may  be  seen  bi  holdmg  it  tip  against  the 
light,  while  they  will  thus  not  confuse  the  usual  details 

(482)  biftus  fos  leaetatloji  Tto  c?«  aie  repiesented  1y  &col 
loped  circles    megul^ly  disposed  F 

imitating  tieea  seen    in  plin     and    <■  [^  j^ 

closer  01  fatthei  apirt  aecoidmg  to  ^ 

the  thichness  cf  the  forest     It  la    ^  ,  3         ^ 

usual  to  shade  then  lowei  and  light  ^^^^^^^^^'W^^ 
hand  sides  and  to  represent  their  %^  ^"^^^^^-WW 
shadows  is  in  the  fif,iiie,  though  m  stnctness,  this  is  inconsistent 
with  the  hypothesis  of  vertical  light,  adopted  for  '  bill  diawing 
For  pine  ind  similai  forests  the  signs  may  hate  a  starhke  foim 
as  on  the  right  hand  side  of  the  figuie  Tiees  are  sometimes 
drawn  "  in  elevation,"  or  sideways,  aa  usually  seen.  This  makes 
them  more  easily  recogmzed,  but  is  m  uttei  violation  of  the  princi- 
ples of  mapping  in  horizontal  projection,  though  it  may  be  defended 
as  a  pure  convention.  Orchards  are  represented  by  trees  ari-ang- 
ed  in  rows.  Bushes  may  be  drawn  like  trees,  but  smaller. 
Gfrass-lmid  is  drawn  with  in-egularly  Fig.  323. 

scattered  groups  of  short  lines,  as  in  the  "";x^  vTI^II^II  vV^ 
figure,  the  lines  being  arranged  in  odd  ^!3^^i^^"-^~^  V?^ 
numbers,  and  so  that  the  top  of  each  group  is  X'jam.'^-^iCl  J  If  J* 
convex  and  its  bottom  horizontal  or  parallel  '»;;j^^"Liijl'i!JlL^'*  ■^^'' 
to  the  base  of  the  drawing.  Mfeadows  Are  ^i^.'^.mZ''-^'^-"^ 
iometiines  represented  by  pairs  of  diverging  lines,  (as  on  the  right 
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of  the  figure),  whioli  may  be  regarded  as  tall  blades  of  grass. 
Unmltivated  land  is  mdieated  by  appropriately  mtermingling  the 
signs  for  grass  land,  buahes,  sand  and  locks  Cultivated  Iind  i 
shown  by  parallel  rows  of  broken  and  dotted 
lines,  as  in  the  figure,  representing  furrows 
Crops  are  so  temporary  that  signs  foi  them  are 
unaeceaaary,  though  often  used     Thev  lie  uau 

ally  imitative,  aa  for  cotton,  sugii  tobacco,  iice,  ; 
vines,  hops,  &c.  Gardens  are  diawn  with  cir  ; 
cular  and  other  beds  and  walks 


(483)  S^s  f«r  walCFi  Tho  Sea-coast  is  iepresented  by  draw- 
ing a  line  parallel  to  the  shore,  following  all  its  windings  and  indei> 
tations,  and  aa  close  to  it  as  possible,  then  another  parallel  line  a 
little  more  distant,  then  a  third  still  more  distant,  and  so  on. 
Examples  are  seen  in  figures  287,  &c.  If  these  lines  are  drawn 
from  the  low  tide  mark,  a  eimilar  set  may  be  drawn  between  that 
and  the  high  tide  mark,  and  dota,  for  sand,  be  made  over  the 
included  space.  Rivers  have  each  shore  treated  like  the  sea 
shore,  aa  in  the  figures  of  Part  VII.*  Broola  would  be  sliown  by 
only  two  lines,  or  one,  according  to  their  magnitude.     Ponds  may 

be  drawn  hire  sea  shores,  or  represented  by F'g-  ^25. 

parallel  horizontal  lines  ruled  across  them.  ^^^  — ~=-jz::=i--^^ 
Marshes  and  Swamps  are  represented  by  an  ^^^x^;"';^  ^t-^  .  —^ 
irregular  intermingling  of  the  preceding  — --^.—v^^t^^  J^t^ 
sign  with  that  for  grass  and  bushes,  as  in  the    ^nzr^^JX-' ^         — 


(484)  Colored  Topography.  The  conventional  signs  which  have 
been  described,  as  made  with  the  pen,  require  much  time  and 
labor.  Colors  are  generally  used  by  the  French  as  substitutes  for 
them,  and  combine  the  advantages  of  great  rapidity  and  effective- 
ness. Only  three  colors  (besides  India  ink)  are  required ;  viz. 
Q-an^ogs  (yellow),  Indigo  (bine),  and  Lake  (pink).  Sepia, 
Burnt  Sienna,  Yellow  ochre,  Bed  lead,  and  Vermillion,  are  also 
Bometimes  used.     The  last  three  are  difficult  to  work  with.     Tc 


11  Pait  II,  Chapter  V,  1 
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1  the  end  of  a  cake  and  mb  it  up  witli  & 
drop  of  -water,  afterwarda  dilating  this  fa  the  proper  tint,  which 
should  always  be  light  and  delicate.  To  cover  any  surface  with 
a  uniform  flat  tint,  use  a  large  camel's  hair  or  sable  brash,  keep  it 
always  moderately  full,  incline  the  board  towards  you,  previously 
moisten  the  paper  with  clean  water  if  the  outline  is  very  irregdar^ 
begin  at  the  top  of  the  surface,  apply  a  tint  across  the  upper  part, 
and  continue  it  downwards,  never  letting  the  edge  dry.  This  laat 
K  the  secret  of  a  smooth  tint.  It  requires  rapidity  in  returning  to 
the  beginning  of  a  tint  to  continue  it,  and  dexterity  in  following  the 
outline.  Marbling,  or  variegation,  is  produced  by  having  a  brush 
at  each  end  of  a  stick,  one  for  each  color,  and  applying  first  one, 
and  then'  the  other  beside  it  before  it  dries,  so  that  they  may  blend 
but  not  mix,  and  produce  an  irregularly  clouded  appearance. 
Scratched  parts  of  the  paper  may  be  painted  over  by  first  applying 
sti'ong  alum  water  to  the  place. 

The  conventions  for  colored  Topography,  adopted  by  the  French 
Militai'j  Engineers,  are  as  follows.  "WoODSi,  yellow ;  using  gam- 
boge and  a  very  little  indigo.  Geass-land,  green;  made  of 
gamboge  and  indigo.  Cultivated  land,  Irown;  lake,  gamboge, 
and  a  little  India  ink.  "  Burnt  Sienna"  will  answer.  Adjoining 
fields  should  be  ehghtly  varied  in  tint.  Sometimes  furrows  are 
indicated  by  strips  of  various  colors.  Gardens  are  represented 
by  small  rectangular  patches  of  bnghter  green  and  brown.  Uh- 
CULTIVATED  LAND,  marbled  green  and  light  hrown.  Brush, 
BRAMBLES,  &c.,  marbled  green  and  yellow.  Heath,  etjkze,  &c., 
marbJed  ^reeii  and  ymi^.  Vineyards,  ^iirpfo ,'  lake  and  indigo. 
Sands,  alight  Irown;  gamboge  and  lake.  "Yellow  ochre"  will 
do.  Lakes  and  rivers,  light  Hue,  mth  a  darker  tint  on  their 
upper  and  left  hand  sides.  Seas,  dark  Hue,  with  a  little  yeUow 
added.  Marshes,  the  ihie  of  water,  with  spois  of  grass  gre&n,  the 
toaehea  all  lying  horiaontally.  Eoads,  hrown  ;  between  the  tints 
for  sand  and  cultivated  ground,  with  more  India  ink.  Hills, 
grs-imsh  hrown;  gamboge,  indigo,  lake  and  India  ink,  instead  of 
the  pure  India  ink,  directed  in  Art.  (480).  Woods  may  be 
finished  up  by  dramng  the  trees  as  in  Art,  (482)  and  coloring 
them  green,  with  touches  of  gamboge  towards  the  light  (the  upper 
and  left  hand  side)  and  of  indigo  on  the  opposite  side. 
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(485)  Signs  fftr  deiaclied  objects.  Too  great  a  aumlier  of  tl 
will  cause  confusion.  A  few  leading  ones  will  be  given,  the  mi 
ings  of  which  are  apparent. 


Cmirt  house,  g^ 

PoBto^ce,  g 

Tav&m,  J 

Guide  hoard,  -f 


Grist  mill, 


X 

O      339. 


^f^nd  mill, 
Steam  mill, 
Furnace,  ^  336. 

Woollen  factory,  ^  337, 


©X33^- 


Glass  works,       i  s 
Church,  ©  J 


Saw  mill,  *^    333.  Graveyard^        -,XL34i, 

An  ordinary  house  ia  drawn  in  its  true  position  and  size,  and  the 
ridge  of  ita  roof  shown  if  the  scale  of  the  map  is  large  enough. 
On  a  very  small  scale,  a  small  shaded  rectangle  represents  it.  If 
colors  are  used,  buildings  of  masonry  are  tinted  a  deep  crimson, 
(with  lake),  and  those  of  wood  with  India  ink.  Their  lower  and 
right  hand  sides  are  drawn  with  heavier  lines.  Fences,  of  stone  or 
wood,  and  hedges, may  he  drawn  in  imitation  of  the-realitiea;  and, 
if  desired,  colored  appropriately. 

Mines  may  be  represented  by  the  signs  of  the  planets  which 
were  anciently  associated  with  the  various  metals.     The  signs  here 


Gtold,     Silver,     Iron,     Copper,     Tin,     Lead,     Quicksilver. 
©  D  3  ?  If  ^  ^ 

A  large  black  circle,  ®  ,  may  be  used  for  Coal. 

Boundary  lines,  of  private  properties,  of  townships,  of  counties, 
and  of  states,  may  be  indicated  by  lines  farmed  of  various  combi- 
nations of  short  lines,  dots  and  crosses,  as  below." 


+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 

■  Very  minute  diveotionifof  the  execution  of  the  del aiJs  described  iniliiaclii 


u  Lient  H.  S.  Smifli'a  "  Topographical  Drawing."    Wiley, 


N.  y! 
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FISISUING  TEE  MAl'. 


(480)  Orlentalion.    Ilie  map  is  usually  so  iJrawn  that  the  top 

of  the  paper  may  represent  the  North.  A  Meridian  line  should 
also  be  drawn,  hoth  True  and  Magnetic,  as  ia  Fig.  199,  page  189. 
The  niamber  of  degrees  and  minutes  in  the  Variation,  if  known, 
should  also  be  placed  between  the  two  North  points.  Sometimes 
a  compasa-star  is  drawn  and  made  very  ornamental. 

(487)  Lettering.  The  style  in  which  this  is  done  very  much 
affects  the  general  appearance  of  the  map.  The  young  surveyor 
should  give  it  much  attention  and  careful  practice.  It  must  all  he 
in  imitation  of  the  best  printed  models.  No  writing,  however 
beautiful,  is  admissihle.  The  usual  lettera  are  the  ordinary 
ROMAN  CAPITALS,  Small  Roman,  ITALIC  CAPITALS, 
iSmall Italic, mA  GOT V^\C  OR  EGYPTIAN.  Thislast, 
when  well  done,  is  very  effective.  For  the  Titles  of  maps,  various 
fancy  letters  may  ho  used.  For  very  large  letters,  those  formed 
only  of  the  shades  of  the  letters  regarded  as  blocks  (the  body  being 
rubbed  out  after  being  pencilled  as  a  guide  to  the  placing  of  the 
shades)  are  most  easily  made  to  look  well.  The  simplest  lettering 
is  generally  the  beat.  Thesize3ofthenamesofplaces,&c., should 
be  proportional  to  their  importance.  Elaborate  tables  for  various 
scales  have  been  published.  It  is  better  to  make  the  letters  too 
small  than  too  large.  They  should  not  be  crowded.  Pencil  lines 
should  always  be  ruled  as  guides.  The  lettering  should  he  in  lines 
parallel  to  the  bottom  of  tho  map,  except  tlie  names  of  rivers,  roads, 
&c,,  whose  general  course  should  be  followed. 

f4S8)  Bordersi  The  Border  may  be  a  single  heavy  line, 
enclosing  the  map  in  a  rectangle,  or  such  a  line  may  be  relieved 
by  a  finer  line  drawn  parallel  and  near  to  it.  Time  should  not  be 
wasted  in  ornamenting  the  border.     The  simplest  is  the  best. 
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(489)  JoiDing  i>>ipcri  If  the  map  is  larger  than  the  eheete  of 
paper  at  hand,  they  should  be  joined  with  a  featlier-edge,  hy  pro- 
ceeding  thus.  Cut,  with  a  knife  guided  hj  a  mler,  about  one- 
third  through  the  thickness  of  the  paper,  and  tear  off  on  the  under 
side,  a  strip  of  the  remaining  thickness,  so  as  to  leave  a  thin  sharp 
edge.  Treat  the  other  sheet  in  the  same  way  on  the  other  side  of 
it.  When  these  two  feather  edges  are  then  put  together,  (with 
paste,  glue  or  varnish),  they  will  make  a  neat  and  strong  joint. 

The  sheet  which  rests  upon  the  other  must  be  on  the  right  hand 
side,  if  the  sheets  are  joined  lengthways,  or  below  if  they  are  joined 
in  that  direction,  so  that  the  thickness  of  the  edge  may  aot  cast  a 
shadow,  when  properly  placed  as  ia  the  light.  The  sheets  must 
be  joined  before  lines  are  drawn  across  them,  or  the  lines  will 
become  distorted,  "drawing  paper  is  now  made  in  rolls  of  great 
length,  so  as  to  render  this  operation  unnecessary. 


(490)' Moiintia^IsapSi  A  map  is  sometimes  required  to  be 
mounted,  i.  e  backed  with  canvas  or  muslin.  To  do  this,  ivet  the 
miislm  ard  stretch  it  strongly  on  a  board  by  tacks  driven  very 
near  together.  Cover  it  with  strong  paste,  beating  this  in  with  a 
brush  to  fill  «p  the  pores  of  tho  muslin.  Then  spread  paste  over 
the  back  of  the  paper,  and  when  it  has  soaked  into  it,  apply  it  to 
the  muslin,  inclinmg  the  board,  and  pasting  first  a  strip,  about  two 
inches  wide,  along  the  upper  aide  of  the  paper,  pressing  it  down 
witli  clean, Hnen  in  order  to  drive  out  all  air  bubbles.  Press  down 
anotlier  strip  in  like  manner,  and  so  proceed  till  all  is  pasted.  Let 
it  dry  very  gradually  and  thoroughly  before  cutting  the  muslin 
from  the  board. 

Maps  may  be  varnished  with  picture  varnish ;  or  by  applying 
four  or  five  coats  of  isinglass  size,  letting  each  dry  well  before 
applying  the  next,  and  giving  a  full  flowing  coat  of  Canada  balsam 
diluted  with  the  best  oil  of  turpentine. 
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LAYING    OUT,    PARTING    OFF,   AND 
DIVIDING    UP    LAND.* 


LATIKG  0«T  LAND. 
(491)  Its  nature.  This  operation  is  precisely  the  reverse  of 
those  of  Surveying  properly  so  called.  The  latter  measures  certain 
lines  as  they  are ;  the  former  marka  them  out  in  the  ground  where 
they  are  required  to  be,  in  order  to  satisfy  certain  conditions. 
The  same  instruments,  however,  ai'e  used  as  in  Surveying. 

PerpendievJara  and  parallels  are  the  lines  most  often  employed. 
The  Perpendiculars  may  be  set  out  either  with  the  chain  alone, 
Arts,  (140)  to  (159)  ;  still  more  easily  with  the  Cross-staff',  Art. 
(101),  or  the  Optical-square,  Art.  (107)  ;  and  most  precisely  with 
a  Ti-ansit  or  Theodolite,  Arts.  (402)  to  (406).  ParalUU  may 
also  be  set  out  with  the  chain  alone,  Arts.  (160)  to  (166)  ;  or 
with  Transit,  &e..  Arts.  (407)  and  (408).  The  ranging  out  of 
lines  by  rods  is  described  in  Arts.  (189)  and  (US),  and  with  £bi 
Angular  instrument,  in  Arts.  (376),  (4*9)  and  (415). 

(492)  To  lay  out  spares.  Keduce  the  desired  content  to 
square  chains,  and  extract  its  square  root.  This  will  be  the  length 
of  the  required  side,  which  is  t«  be  set  out  by  one  of  the  methods 
indicated-  in  the  preceding  article. 

An  Acre,  laid  out  in  fiie  form  of  a  square,  is  frequently  desired 
by  farmei-8.     Its  side  must  be  made  316^  links  of  a  Gunter'a 

IS  ill  tliia  part,  wlien  requireJ,  vHll  ba 
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chain ;  or  SOSj'-jj'j  feet ;  or  GOyYo  yards.     It  is  often  taken  at 
70  pacea- 

The  number  of  plants,  hil!8  of  com,  loads  of  manure,  &c.,  wluch 
an  acre  will  contain  at  any  uniform  distance  apart,  can  be  at  once 
found  by  dividing  209  by  this  distance  in  feet,  and  multiplying 
die  quotient  by  itself;  or  by  dividing  43560  by  the  square  of  the 
disttlMe  in  feet.  Thus,  at  3  feet  apart,  an  acre  would  oontain 
4S40  plants,  &o. ;  at  10  feet  apart,  436  ;  at  a  rod  apart,  160  ; 
and  so  on.  If  the  distances  apart  be  unequal,  divide  43560  by 
the  product  of  these  distances  In  feet ;  thus,  if  the  plants  were  in 
rows  6  feet  apai't,  and  the  plants  in  the  roivs  were  3  feet  apart, 
2420  of  them  would  grow  on  one  acre, 

(19S)  Ttt  lay  oat  rcctailglCSi  J^Ae  conUnt  and  length  being 
given,  both  as  measured  hy  the  same  unit,  diTlde  the  former  by 
the  latter,  and  the  quotient  will  be  the  required  breadth.  Thus,  1 
acre  or  10  square  ehaiM,  if  5  chains  long,  craat  be  2  chams  wide. 

T7te  content  being  given  and  the  length  to  he  a  certain  numi>er 
of  times  the  breadth.  Divide  the  content  in  square  chains,  &c. ,  by 
the  ratio  of  t!ie  length  to  the  breadth,  and  the  square  root  of  the 
quotient  will  be  the  shorter  side  desired,  whence  the  longer  side 
is  also  known.  Thus,  let  it  be  required  to  lay  out  30  acres  in  the 
form  of  a  rectangle  8  times  as  long  as  broad.  30  acres  =  300 
squai-e  chains.  The  desired  rectangle  will  contain  3  squares,  each 
of  100  sq.  chs.,  having  sides  of  10  cl^.  The  rectangle  will  there" 
fore  be  10  chs.  wide  and  30  long. 

An  Acre  laid  out  in  a  rectangle  twice  as  long  as  broad,  will  be 
224  links  by  448  links,  nearly ;  or  147^  feet  by  295  feet ;  or  49^ 
yards  by  98|  yards.  50  paces  by  100  is  often  used  as  an  ap- 
proximation, easy  to  he  remembered. 

The  content  being  given,  and  the  difference  between  the  length 
and  breadth.  Let  e  represent  this  content,  and  d  this  difference. 
Then  the  longer  side  ^^^d+  ^  ^/(d^  +  ie). 

Example.  Let  the  content  be  6.4  acres,  and  the  difference 
12  chains.  Then  the  sides  of  tlie  rectangle  will  he  respectivfily 
16  chains  and  4  chains. 
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The  content  hmig  given,  and  the  sum  of  the  length  and  h-eadtk. 
Let  e  represent  this  content,  and  s  this  sum.  Then  the  longei 
side=is+  I  4/(s^  — 4c). 

Example.  Let  tlie  content  be  6.4  Eicres,  and  the  sum  20  chains. 
The  abo¥Q  formula  ^ves  the  sides  of  the  rectangle  16  chains  and  4 
flhaina  as  before. 

(491)  To  lay  ont  triangles.  The  content  and  the  base  being 
given,  divide  the  former  by  half  the  latter  to  get  the  height.  At 
any  point  of  the  base  erect  a  perpendicular  of  the  length  thus 
obtained,  and  it  will  be  the  vertex  of  the  required  triangle. 

The  content  being  given  and  the  base  having  to  be  m,  times  the 
height,  the  height  will  equal  the  square  root  of  the  quotient 
obtained  bj  dividing  tnice  the  ^ven  area  by  m. 

The  content  being  ^ven  and  the  triangle  to  be  equilateral,  take 
the  square  root  of  the  content  and  multiply  it  by  1.520.  The  pro- 
duct will  he  the  length  of  the  side  required.  This  rule  ma]ces  the 
sides  of  £wi  equilateral  triangle  containing  one  acre  to  be  480^  links. 
A.  quarter  of  an  acre  laid  out  in  the  same  form  would  have  each 
side  240  links  long.  An  eqmlateral  triangle  is  very  easily  set  out 
on  the  groimd,  as  directed  in  Art.  (90))  under  "  Platting,"  using 
a  rope  or  chain  for  compasses. 

(493)  The  content  and  base  being  given,  and  one  side  having 
to  make  a  given  angle,  as  B,  witli  the  base 

AE,  the  length  of  the  side  BO  =|^|4^- 

Example.     Eigh.':y  acres  are  to  be  laid  ^  ^ 

out  in  the  form  of  a  triangle,  on  a  base, 

AB,  of  sixty  chfuna,  hearing  N.  80°  W. 

the  bearing  of  the  aide  BC  being  N.  70°  E.     Here  the  angle  B  is 

found  from  the  Bearings  (by  Art.  (243),  reversing  one  of  thorn) 

to  he  80\     Hence  BC  =  53.33.     The  figure  Is  on  a  scale  of  50 

chains  to  1  inch  =  1 :  39600. 

Any  right-line  figure  may  he  laid  out  by  analogous  methods. 

(496)  To  lay  out  circles.  Multiply  the  given  content  hy  1, 
divide  tlie  product  by  22,  and  take  the  square  root  of  the  quotient. 
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This  will  give  tlie  radius,  with  wbicli  the  circle  can  be  described 
on  the  gi'ound  with  a  rope  or  chdn.  A  circle  containing  one  acre 
has  a  radius  of  178^  links.  A  circle  containing  a  quarter  of  an 
acre  will  have  a  radius  of  89  Units. 


(497)  Town  lots.  House  lota  in  cities  are  usually  laid  off  as 
rectangles  of  25  feet  front  and  100  feet  depth,  variously  combined 
in  bloclis.  Fart  of  New-York  is  laid  out  in  bloclis  200  feet  by 
800,  each  containing  64  lots,  and  separated  by  streets,  60  feet 
wide,  rtinning  along  their  long  sides,  and  avenues,  100  feet  wide, 
on  their  short  sides.  The  eight  lots  on  each  short  side  of  the  block, 
front  on  the  avenues,  and  the  remaimng  forty-eight  lots  front  on 
the  streets.  Such  a  block  covers  almost  precisely  3f  acres,  and 
17J  snch  lots  about  make  an  acre.  But,  allowing  for  the  streets, 
land  laid  out  into  lota,  25  by  100,  arranged  as  above,  would  con- 
tain only  11.9,  or  not  quite  12  lots  per  acre. 

Lota  in  small  towns  and  villages  are  laid  out  of  greater  size  and 
less  uniformity.  50  feet  by  100  is  a  frequent  size  for  new  villages, 
the  blocks  being  200  feet  by  500,  each  therefore  containing  20  lots. 


(49S)  Land  sold  for  taxes,  A  case  occurring  in  the  State  of 
New-York  will  serve  as  an  application  of  the  modes  of  laying  out 
squares  and  rectangles.    Land  ^ig.  sa. 

on  which  taxes  are  unpaid  is 
sold  at  auction  to  the  lowest 
bidder;  i.  e.  to  him  who  will 
accept  tbe  smallest  portion  of 
it  in  return  for  paying  the  taxes 
on  the  whole.  The  lot  in  ques- 
tion was  originally  tlie  east 
half  of  the  square  lot  ABCD, 
containing  500  acres.  At  a 
sale  for  taxes  in  1830,  70  acres 
were  bid  off,  and  this  area  was 
Bet  off  to  the  purchaser  in  a  square  lot,  from  the  north-east  comer. 
Required  the  side  of  the  square  in  links.  Again,  in  1834,  29 
acres  more  were  thus  sold,  to  be  set  off  in  a  strip  of  equal  width 
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aroimd  the  square  previously  sold.  Required  the  width  of  thia 
strip.  Once  more,  in  1839,  42  acres  more  were  sold,  to  be  set 
off  around  the  preceding  piece.  Eetiuiued  the  dimensions  of  thia 
third  portion.  The  answer  can  be  proved  by  calculating  if  the 
dimensions  of  the  remaining  rectangle  will  ^ve  the  content  -ffhich 
it  should  have,  m.  250  —  (TO  +  29  +  42)  =  109  Acres. 
The  figure  is  on  a  scale  of  40  chains  to  1  incli  =  l;31680. 

(499)  New  countries.  The  operations  of  laying  out  land  for  tiie 
purposes  of  settlers,  are  required  on  a  large  pcale  in  new  countries, 
in  combination  with  their  survey.  There  la  great  difficulty  in 
uniting  the  necessary  precision,  rapidity  and  cheapness.  "Tri- 
angular Surveying"  will  ensure  the  first  of  these  quaJities,  hut  is 
deficient  in  the  last  two,  and  leaves  the  laying  out  of  lots  to  be 
subsequently  executed.  "  Compass  Surveying"  possesses  the  last 
two  qualities,  but  not  the  first.  The  United  States  system  for 
surveying  and  laying  out  the  Pubhc  Lands  admirably  combines  an 
accurate  determmation  of  standai'd  lines  (Meridians  aad  Parallels) 
irith  a  cheap  and  rapid  subdivision  by  compass.  The  subject  is  so 
important  and  extensive  that  it  will  be  explained  by  itself  in 
Part  Xn. 


CHAPTER  II. 


PARTISG  OPF  LAND. 

(5!>0)  It  is  often  required  to  part  off  from  a  field,  or  from  an 
indefinite  space,  a  certain  number  of  acres  by  a  fence  or  other 
boundary  hne,  winch  is  also  required  to  run  in  a  particular  direc- 
tion, to  start  from  a  certain  point,  or  to  fulfil  some  other  condition. 
The  various  cases  moat  likely  to  occur  will  be  here  arranged 
according  to  these  conditions.  Both  graphical  and  numerical  me- 
thods will  generally  be  ^ven.* 
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The  giren  content  is  always  supposed  to  bo  reducecl  to  square 
chains  and  decimal  parts,  and  tlie  lines  to  he  in  chains  and  deci- 


A.    By  a  hi'se  parallel  to  a  side. 

(aSI)  To  part  off  a  rcctaRg:le.  If  the  sides  of  the  field  adja- 
cent to  the  given  side  mako  right  angles  with  it,  the  figure  parted 
off  by  a  parallel  to  the  given  side  will  be  a  reetangle,  and  its 
breadth  will  ec^ual  the  required  content  divided  hj  that  side,  as  in 
Art.  (49§). 

If  the  field  be  bounded  by  a  curved  or  zigzag  line  outside  of  the 
given  side,  find  the  content  between  these  irregular  lines  and  tiie 
given  straight  side,  by  the  method  of  offeets,  subtract  it  from  the 
content  rcciuired  to  be  parted  off,  and  proceed  with  the  ) 
as  above.     The  same  directions  apply  to  the  subsequent  p 


(502)  To  part  off  a  paralleIogram>     If  the  sides  adjacent  to 
the   given   side   be   parallel,   the  ^<s-  ^-i^- 

figure  parted  off  will  be  a  parallel-  _^;; y 

ogram,  and  its  perpendicular  width, 
CE,  will   be   obtained   as  above,     y^ 
The  length  of  one  of  the  parallel   A. 
.,  ,^        OB  ABDO 

Bides,  as  AC  =  ^^-^  =  aB  .  sinTA' 


a  plat, 


(503)  To  part  off  a  trapezoid.  When  the  sides  of  the  field 
adjacent  to  the  given  side  are  not  parallel,  the  figure  parted  off 
will  be  a  trapezoid. 

When  the  field  or  figure  is  given  < 
begin  as  if  Llic  sides  were  parallel, 
dividing  the  given  content  by  the 
base  AB.  The  quotient  will  be 
an  approximate  breadth,  CE,  or 
DF;  too  small  if  the  sides  con- 
verge, as  in  the  figure,  and  vice 
versa.     Measure  CD.     Calculate    "  s  f    " 

the  content  of  ABDO.     Divide  the  difference  of  it  and  the  required 
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content  by  CD.  Set  off  tke  quotient  perpendicular  to  CD,  (in  tliia 
figui^,  outside  of  it,)  and  it  will  give  a  new  line,  GH,  a  still  nearer 
approximation  to  that  desired.  The  operation  may  he  repeated,  if 
found  n 


(JOi)  When  tho  field  is  given  hy  Bearings,  de- 
duce from  them,  as  in  Art.  (243),  the  angles  at  A 
and  B.  The  required  sides  will  then  be  given  by 
these  formulas : 

;  ABCD  ■  gin.  (A  +  E)\ 


CD 


V(- 


A.B2. 


sin.  A  . 


sin.  (A  +  B) 


AD=CAB  — CD) 

When  the  sides  AD  and  BC  diverge,  instead  of  converging,  as 
in  the  figure,  the  negative  term,  in  the  expression  for  CD,  becomes 
positive ;  and  in  the  expressions  for  both  AD  and  BC,  the  first 
factor  becomes  (CD  —  AB). 

The  perpendicular  breadth  of  the  trapezoid  =  AD  .  sin.  A ; 
or  =BO.sin.  B. 

Uxamph.  Let  AE  run  North,  six  chains ;  AD,  N.  80°  E. ; 
BC,  S.  60°  E.  Let  it  be  reqwed  to  part  off  one  acre  by  a  fence 
parallel  to  AB.  Here  AB  =  6.00,  ABCD  =  10  square  chains, 
A  =  80%B=60°.  Ans.  OD  =  4.57,  AD  =  1.92,  BC  =  2.18, 
and  the  breadth  =  1.89. 

The  figure  is  on  a  scaJe  of  4  chains  to  1  inch 5=1:3168. 

B.       By  A  LINE   PBRPEKDICULAR  TO    A   SIDE. 

(505)  To  part  off  a  triangle.  Let  FG  be  the  required  Hue. 
■ffhen   the   field    is    given    on    the  ^'S'  s*-"- 

ground,  or  on  a  plat,  at  any  point,  aa 
D,  of  the  given  aide  AB,  set  out  a 
"  guess  line,"  DE,  perpendicular  to 
AB,  and  calculate  the  content  of 
DEB.  Then  the  required  distance  BE,  from  the  angular  point 
to)  Hie  foot  of  the  desired  perpendicular,  ^BD/fl=j-j-,|. 
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Let  BD  =  30  chains ;  ED  =  12  chains ;  and  the 
desired  area  =  24.8  acres.     Then  BF=  35.22  chains. 
The  scale  of  the  figui-e  is  30  chains  to  1  inch  =  1:23760. 

(506)  When  the  field  is  given  hj  Bearings, 
find  the  angle  B  from  the  Bearings ;  then  is 

Example.     Let  BA  bear  S.  ,75°  E.,  and  EC 
N.  60°  E.,  and  let  five  acres  be  required  to  be 
part-ed  ofi'  from  the  field  by  a  perpendiculaa:  to  BA.     Here  the 
angle  B  =  45",  and  BF  =  10.00  chains. 

The  scale  of  the  figure  is  20  chains  to  1  inch  =  1 :  15S40. 

(507)  To  part  oO"  a  (liiafls-ilaJeral.  Produce  the  converging 
sides  to  meet  at  B.     Calculate  the  Fig.  ses, 

content  of  the  triangle  HKB,  whe- 
ther on  the  ground  or  plat,  or  from 
Bearings.     Add  it  to  the  content  _„_-'- 

of  the  quadrilateral  required  to  ho   ^'" 
parted  off,  and  it  will  give  that  of  the  triangle  'FGB,  and  the  me- 
thod of  the  preceding  case  can  then  be  applied. 

(50S)  To  part  9f(  any  figure.  If  the  field  be  very  irregularly 
sliaped,  find  by  trial  any  hue  which  will  part  off  a  little  loss  than 
the  required  area.  This  trial  Ime  will  represent  HK  in  the  pre- 
ceding figure,  and  the  problem  is  reduced  to  parting  off^,  accord- 
ing to  the  I'equired  condition  a  quadrilateral,  comprised  between 
the  trial  line,  two  sides  of  the  field,  and  the  required  line,  and  con- 
taining the  difference  between  the  required  content  and  that  parted 
off  by  the  trial-line. 

C.    By  a  Lisa  running  in  any  giten  DiaEciiON. 

(509)  To  jiail  off  a  triangle.    By  construction,  on  the  ground 
or  the  plat,  proceed  nearly  as  in  Art.  (5S>5),  setting  out  a  line 
in  the  required  direction,  calculating  the  triangle  thus  formed,  and 
obtaining  BF  by  the  same  formula  as  in  tliat  Article. 
22 
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(510)  If  the  field  be  given  hy  Eearmgs,  find 
from  them  the  angles  CBA  and  GFE ;  tiien  ia 

Sample.  Let  BA  bear  S.  30°  E. ;  BO, 
N.  80°  E. ;  and  a  fence  be  required  to  run,from 
some  point  in  BA,  a  due  North  course,  and  to 
part  off  one  acre.  Rec[uired  the  distance  from 
E  to  the  point  F,  whence  it  must  start.  Ans. 
The  angle  B  =70%  and  P  =  30°.  TheiiBF  = 
6.4T. 

The  scale  of  Fig.  350  is  6  chains  to  1  ineli  = 


(3H)  To  part  off  a  quadrilateral.     Let  it  be  required  to  part 
off,  by  a  line  niniung  in  a  ^'S-  ^^i. 

given  direction,  a  quadrila-      1 
teral  from  a  field  in  which 
are  given  the  side  AB,  and 
the    directions  of  the   two    E  x 
other  sides  running  from  A 
and  from  B. 

On  the  ground  or  plat 
produee  the  two  converging 
sides  to  meet  at  some  point    M 
E.     Calculate  the  content  a 

of  the  triangle  ABE.  Measure  the  side  AE.  From  ABE  subtract 
the  area  to  be  cut  off,  and  the  remainder  will  be  the  content  of  the 
triangle  CDE.  From  A  set  out  a  line  AF  parallel  to  the  given 
direction.     Find  the  content  of  AEP.     Take  it  from  ABE,  and 

tftua  obtain  AFE.     Then  this  formula,  ED  =  AE  \  /^^,  will  fix 
'  V  TAE' 

the  point  D,  since  AD  =  AE  —  ED. 


(512)  "When  the  field  and  the  dividing  lino  are  given  by  Bear 
ings,  produee  the  sides  as  in  the  last  article.  Find  all  the  angles 
fi-om  the  Eoaringa,  Calculate  the  content  of  the  triangle  ABE,  by 
the  fonnula  for  one  aide   and   its  including  angles.     5'ake   the 
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desired  content  from  tills  to   obtain   CDE.     Calculate  the  side 
/2  X  CDE.  sin.DCEv" 


AE=AB^ 


ThenisAD  =  AE- 


-Vf- 


1.  E"  sin.  CDE     ; 

Example.  LetDAbear  3.20^"  W. ;  AB,N.  51^"  "W.,  8.19; 
JJC,  N.  73^°  E. ;  and  let  it  be  reqxdred  to  part  off  two  acres  \>j  a 
fence,  DC,  running  N.  45°  W.  Ana.  ABE  =  32.50  sq.  chains ; 
whence  CDE  =  12.50  aq.  chs.  Also,  A]3=:8.87;  and  finally 
AI>  =  8. 87— 5.49  =  2.88  chains. 

The  scale  of  Fig.  351  is  5  chiuaa  to  1  inch  =  1 ;  8960. 

If  the  8um  of  tlie  angles  at  A  and  B  ivas  more  than  two  right 
angles,  the  point  E  would  lie  on  the  other  side  of  AB,  The  neces- 
sary modifications  are  apparent. 


(51S)  To  part  off  any  figure.  Proceed  in  a  similar  manner  to 
that  described  in  Art.  (508),  by  gettmg  a  suitable  trial-line,  pro- 
ducing the  sides  it  intersects,  and  then  applying  the  method  just 
given. 


D.     By  a  li:se 


.  GIV]i;^r  point  in  , 


cut  off 


(514)  Ta  part  »fl'  a  triangle.    Let  it  bo  required  t 
from  a  comer  of  a  field  a  triangu-  Fig.  353. 

lar  space  of  given  content,  by  a 
line  skirting  from  a  given  point 
on  one  of  the  sides,  A  in  the  figure, 
the  base,  AB,  of  the  desired  tri-  , 
angle  being  thus  given.  If  the 
field  he  given  on  the  ground  or  on 
A  plat,  divide  the  given  content 
by  haJf  the  base,  and  the  quotient  will  he  the  height  of  the  tri- 
angle. Set  off  this  distance  from  any  point  of  AB,  perpendicular 
to  it,  as  from  A  to  0 ;  from  C  set  out  a  parallel  to  AB,  and  ita 
intcrBcelion  with  the  second  side,  as  at  D,  will  be  the  vertex  of'  the 
R'quired  triangle. 

Otherwise,  divide  the  required  conteut  by  half  of  the  perpendi- 
cular distance  from  A  to  BD,  and  the  quotient  will  be  ED. 


Hosted  by 


Google 


340 


LiviKG  OUT  h.m  mnmm  w  um.    [part  x 


(515)  If  the  field  bo  ^ven  by  the  Eearmga  of  two  sides  and  the 
length  of  one  of  them,  deduce  the  angle  B  (Fig.  352)  from  the 

Bearings,  as  in  Art.  (243).     Then  U  BD  =  ^£^L^i^. 

If  it  is  more  convenient  to  fix  tho  point  D,  by  the  Seconct  Me- 
thod, Art.  (8),  that  of  rectangular  co-ordinates,  ive  shaU  have 
BE  =  BD  .  COS.  B;  aQdED  =  BD  .  sin.  E. 

The  Eearmg  of  AD  is  obtained  from  the  angle  BAD ;  which  ia 
k„»™,  since |5  =  _5E_=ta»g.  BAD. 

Example.  Eighty  acrea  are  to  be  set  off  from  a  corner  of  a 
field,  the  course  AB  being  N.  80^  W.,  sixty  chains ;  and  the  Bear- 
ing of  BD  being  N.  70^  E.  Am.  BD  =  53.33;  EE  =  46.1SJ; 
ED  =  26.67 ;  and  the  Bearing  of  AD,  N.  17"  23'  W. 

The  scale  of  Kg.  352  is  40  chains  to  1  inch  =  1:31680. 

If  the  field  were  right  angled  at  B,  of  coui'se  BD  =  — 7-5— • 


(516)  To  i)art  off  a  tiaadillates'al.  Imagine  the  two  converg- 
ing sides  of  the  field  produced  to  meet,  as  in  Art.  (511).  Calcu- 
late the  content  of  the  triangle  thus  formed,  and  the  question  iviil 
tlieii  be  reduced  to  the  one  explained  in  the  last  two  articles. 


(517)  To  part  off  auy  figure.  Proceed  as  directed 
Otherwise,  proceed  as  follows. 

The  field  being  given  on  the  ground  or  on  a  plat,  find  < 
side  of  it  the  required  line  will  end,  by  drawing  or  running 
lines"  from  tho  given  point  to  various  angles,  and  roughly 
ing  the  content  thus  parted  off.  I'is.  ''jS- 

If,  as  in  the  figure,  A  being  the 
^ven  point,  the  guess  line  AD 
parts  ofi'Iesa  than  the  required  con- 
tent, and  AB  parts  off  more,  then 
the  desired  division  line  AZ  will 
end  in  the  side  DB.  Subtract  the 
area,  parted  off  by  AD  from  the  4 
required  content,  and  the  (Bfference  will  be  the  content 


■t.(5]lS). 
on  wliich 


Hosted  by 


Google 


..  11.] 


Parting:  oS  Laiid. 


341 


angle  ADZ.  Divide  this  by  half  the  perpehdiculai'  Jet  fall  from 
the  given  point  A  to  the  side  DE,  and  the  quotient  will  be  the  base, 
or  distance  from  D  to  Z. 

Or,  find  the  content  of  ADE  and  malte  this  proportion  ;  ADE  : 
ADZ  : ;  DE  :  DZ. 

(518)  The  field  being  ^ven  hj  Bearings  and  distances,  find 
s^  before,  by  approximate  trials  on  the  plat,  or  otherwise,  ttMcL 
Bido  tlie  desired  line  of  division  will  terminate  in,  as  DE  in  the  last 
figure.  Draw  AD.  Find  the  Latitude  and  Departure  of  this 
line,  and  thence  its  length  and  Bearing,  as  in  Art.  (440).  Then 
calculate  the  area  of  the  space  this  line  parts  off,  ABCD  in  the 
figufe,  by  the  usual  method,  explained  in  Part  III,  Chapter  VI. 
Subtract  this  area  from  that  required  to  be  cut  off,  and  the  remain- 
der will  be  the  area  of  the  triangle  ADZ.  Then,  as  in  Art.  (313), 
r,^_  2  ADZ 
^^-AD.fiin.ADZ- 

This  problem  may  be  executed  without  any  other  Table  than  that 
of  Latitudes  and  Departures,  thus.  Find  the  Latitude  and  Depar- 
ture of  DA,  as  before,  the  area  of  the  space  AECD,  and  thence 
the  content  of  ADZ.  Then  find  the  Latitude  and  Departure  of 
EA,  and  the  content  of  ADE.  Lastly,  make  this  proportion; 
ADE  :  ADZ  : :  DE  :  DZ.* 

Example.  In  the  field  ABODE,  kc,  part  of  which  is  shown 
in  Fig.  353,  (on  a  scale  of  4  chains  to  1  inch=  1:3168),  one 
acre  is  to  be  parted  off  on  tlie  west  side,  by  a  line  starting  from  ttie 
angle  A.  Reqvdred  the  distance  from  D  to  Z,  the  .other  end  of 
this  dividing  line.f 

The  only  courses  needed  are  these.  AE,  N.  53o  W.,  1.55 , 
BC,  N.  20°  E.,  2.00  ;  CD, N.  53^°  E.,  1.32 ;  DE,  S.  57°  E., 5.79. 
A  rough  measurement  will  at  once  shew  that  ABCD  is  less  than 
an  acre,  and  that  ABODE  is  more ;  hence  the  desired  line  will  fall 

*  The  problem  may  olao  be  pel-formed  by  making  the  eide  on  which  the  divi 
sion  line  is  tu  Ml,  a  Metidian,  and  changing  tbe  Bearings  as  in  Art.  (214).  The 
dilTKrencB  of  the  new  DepsrtoveB  will  be  the  Departure  of  the  DiviBion  line.     Ita 

?iaitio»ean  tlieiibe  eaaily  deiBrmiued,  byoaloulatiouB  reaembliiig  those  in  Fait 
II,  Chapter  IV,  Ana.  (443),  &c. 

i  If  the  whole  field  has  bean  snrvejed  and  balanced,  tlie  balanced  Latitudes 
and  Depavlui-ea  sliould  be  used.    We  will  here  suppose  the  survey  to  have  proved 
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on  DE.  'Ihe  Latitutles  and  Departures  of  AB,  EC  and  CD  are 
then  found.  Prom  them  the  course  AD  is  found  to  be  N.  8°  E., 
3.63.  The  content  of  ABCD  will  be  3.19  squai-e  chains.  Sub. 
ti-acting  this  from  one  acre,  the  remainder,  6.81  sq.  chs.,  is  the  con- 
tent of  ADZ.  AP  =  3.63  x  sin.  65°  =  3.29.  Dividing  ADZ 
by  half  of  this,  we  obtain  DZ  =  4.14  chains. 

By  the  Second  Method,  the  Latitude  and  Departure  of  DA,  the 
area  of  ABOD,  and  of  ADZ,  being  found  aa  before,  ire  nest  find 
the  Latitude  and  Departure  of  EA,  from  those  of  AD  and  DE, 
and  thence  the  area  of  ADB  =  9.53.  Lastly,  we  have  iiie  pro- 
portion 9.53  :  6.81  : ;  5.79  :  DZ  =  4.14,  as  before. 

E.  By  a  line  passing  tdeougii  a  civen  point  ivithin  the  eield. 


Let  P  be  a  point  within  a  Geld 

TSf    B 


(519)  To  part  off  a  triangle. 

through  which  it  is  required  to 
ran  a  line  so  as  to  part  off  from 
the  field,  a  given  area  in  the 
form  of  a  triangle. 

When  the  field  is  given  on  the 
ground  or  on  a  plat,  the  division 
can  be  made  by  construction, 
thus.  From  P  draw  PE,  paral- 
lel to  the  side  EC.  Divide  the 
^ven  area  ^j  half  of  the  perpen- 
dicular distance  from  P  to  AC, 
and  set  off  the  cjuoiient  from  0 
to  G.  Bisect  GO  in  H.  On 
HE  describe  a  semi-circle.  On 
it  set  off  EK  =  EC.  Join  KH. 
Set  off  HL  =  HK.  The  line  LM,  drawn  from  L  through  P,  will 
be  the  division  line  required.*  If  UK  be  set  off  in  the  contrary 
direction,  it  ■will  fix  another  line  L'PAI',  meeting  CB  produced,  and 
thus  parting  off  another  triangle  of  the  required  content. 

Let  it  be  required  to  pai-t  off  31.175  acres  hy  a 
through  a  point  P,  the  distance  PD  of  P  from  the 
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red  parallel  to  AC,  bemg  &  chains,  and  DC  18 
chains.  The  angle  at  C  is  fixed  by  a  "tie-line"  AB  =  48.00, 
EC  being  42.00,  and  CA  being  SO.OO.  Ans.  CL  =  27.31 
chains,  or  CL'  =  7.69  chains. 

The  figure  is  on  a  scale  of  20  chains  to  1  inch  =  l  :  15840. 


(5S&)  If  the  angle  of  the  field 
and  the  position  of  the  point  P  ai'e 
^ven  by  Bearings  or  angles,  proceed 
thus,  Jind  the  perpendicular  dis- 
tances, PQ  and  PR,  from  the  given 
point  to  the  sides,  by  the  formulas 
PQ  =  PC  .  sin.  PCQ ;  and  PR  = 
PC  .  sin.  PCR.  Let  PQ  =  q,  PR 
^^,  and  the  required  content 


Then  CL 


=  1±  //4_. 

P     V  V       ^ 


2qc 


1.  LCM, 
Let  the  angle  LCM  =  82'^. 
part  off  the  same  area  as  in  the  precedin; 


Let  it  be  required  t 
example.     Let  PC  = 


19.75,  PCQ  =17°  30y,  PCR  =  64°  29^'.  Required  CL. 
Am.  PQ  =  5.94,  PR  =  17.82,  and  therefore,  by  the  formnla, 
CL=  27.31,  or  CL'  =  7.69;  corresponding  to  the  graphical 
solution.     The  figure  is  on  the  same  scale. 

If  the  g^ven  point  were  without  tho  field,  the  division  line  could 
be  deteiTQined  in  a  similar  manner. 


(521)  To  part  off  a  qiiadrilateral.     Conceive  the  two  sides  of 


Fig.  356. 


the  field  which  the  division  line  will  intersect, 
DA  and  CB,  produced  till  they  meet  at  a 
point  Gr,  not  shown  in  the  figure.  Calculate 
the  triangle  thus  formed  outside  of  the  field. 
Its  area  increased  by  the  required  area, 
will  bo  that  of  the  triangle  EFG.  Then  the 
problem  is  identical  with  that  in  tho  last 
artiole.  The  following  example  is  that 
given  m  Gummere's  Surveying.  TTie  figure 
represents  it  on  a  scale  of  20  chains  to  1  inch  =^  1 :  15840. 
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Example.  A  field  is  bounded  thus:  N.  14°  W.,  15.20; 
N .  701^  E.,  20.43 ;  S.  6°  E.,  22.T9 ;  N.  86^^  -vy.^  18.00.  A 
spring  witliin  it  bears  from  the  second  comer  S.  75°  E.,  7.90.  It 
U  requirect  to  cut  off  10  acres  from  the  West  side  of  the  field  by  a 
straight  fence  through  the  spring.  How  far  will  it  be  from  the 
first  corner  to  the  point  at  which  the  division  fence  meets  the  fourth 
side?    Ans.  4.6357  chains. 

(S22>  To  pari  off  any  flgtis-c.     Let  it  be  required  to  part  off 

from  a  field  a  certain  area  by  F'S-  ssr- 

■'  n  n 

a  line  passing  through  a  given         /  \~i 

point  P  mthin  tlie  field.     Bun     /  \/       t- 

a  guess-line  AB  through  P.   "C^    _  '■^Y 

Calculate  the   ai'ea  which  it      "^^^^^  /  \ 

parts  off.     Call  the  difference  ^-,^  /   \ 

between  it  and  the  required  '""~~--.v.^_^     /     \ 

area  =  (^.     Let  CD  be  the  ^~c\,\ 

desired  line  of  diTision,  and  ^s>^ 

let  P  represent  the  angle,  APC  or  BPD,  which  it  makes  with  the 
given  line.  Obtain  the  angles  PAC  =  A,  and  PBD  =  E,  either 
by  measurement,  or  by  deduction  from  Bearings.  Measure  PA 
and  PB.  Then  the  desired  angle  P  will  be  given  by  the  following 
formula. 


Cot.  P  =  ~-jacot.  A+  cot.  B  —         ^^  ^        I  J: 


,(eot.A^eotB-^£!^)l. 

If  the  guess  line  be  run  so  as  to  be  perpendicular  to  one  of  the 
Bides  of  the  field,  at  A,  for  example,  the  preceding  expression 
reduces  to  the  following  simpler  form. 

C„..P  =  -i(c,iE-^^)± 
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It  was  required  to  cut  off  from  a  SeU  twelve  acres 
by  a  line  passing  tlirough  a  spring,  P.  A  guess-line,  AB,  was  run 
making  an  angle  with  one  side  of  the  field,  at  A,  of  55°,  and  ivifJi 
the  opposite  side,  at  B,  of  81®.  The  area  thus  cut  off  was  found 
to  be  13.10  acres.  Prom  the  spring  to  Awaa  9.30  chains,  and  to 
B  3.30  chains.  Required  tlie  angle  which  the  required  line,  CD, 
must  make  with  the  guess  line,  AE,  at  P.  Ans.  20°  45' ;  or 
. —  88°  25'.     The  heavy  broken  line,  O'D',  shows  the  latter. 

The  scale  of  the  figure  is  10  chains  to  1  inch  =  1  :  7920. 

If  the  given  point  were  outside  of  the  field,  the  calculations  woQld 
be  similar 


F.     By  the  shortest  possible  lise. 

(523)  To  pavl  olT  a  triangle.     Let  it  be  required  to  part  off  a 
triangular  apace,  BDE,  of  given  content,  from  the 
comer  of  a  field,  ABC,  hy  the  shortest  possible 
line,  DE. 

From  B  set  off  BD  and  BE  each  equal  to" 
//2BDEV  _    ^^^  ^.^^  j^ J,  ^^^  obtained  will  be 

perpendicular  to  the  line,  BP,  which  bisecta  the  an- 
6l,B.  Thele„glhofDE  =  ^^2_^='i^>. 

Example.  Let  it  be  required  to  part  off  1.3  acre  from  the 
comer  of  a  field,  the  angle,  B,  being  30°.  Am.  ED  =  BE  = 
7.21;  and  DE  =  3.73. 

The  scale  of  the  figure  is  10  chains  to  1  inch  =1 :  7920. 

&.     Lakd  of  variable  value. 

(524)  Let  the  figure  represent  a  field  in  winch        Fig.  339. 
the  land  is  of  two  qualities  and  values,  divided  by 
the  "  quahty  line  "  EP.     It  is  required  to  part  off 
from  it  a  quantity  of  land  worth  a  certain  sum,  by 
a  straight  feaoe  parallel  to  AB. 

Multiply  the  value  per  acre  of  each  part  by  ifc9 
length  (in  chains)  on  the  line  AB,  add  the  pro- 
ducts, multiply  the  value  to  be  set  off  by  10,  divide 


ff 
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by  the  above  sum,  and-  the  quotient  win  he  tlie  desired  breadth,  BO 
or  AD,  in  ch^ns. 

Example.  Let  the  land  on  one  side  of  EF  he  worth  $200  pei 
acre,  and  on  the  other  aiAe  |100.  Let  the  lengtii  of  the  former, 
BE,  be  10  chains,  and  EA.  be  SO  chains.  It  is  required  to  part 
off  a  quantity  of  land  worth  $7500.  Ajis.  The  width  of  the 
desired  strip  >yill  be  15  chains. 

The  scale  of  the  figure  is  40  chains  to  1  inch  =  1 :  SISSO. 

If  the  "  quality  line  "  be  not  perpendicular  to  AE,  it  may  be 
made  so  by  "  giving  and  taldng,"  as  in  Art.  (!24),  or  as  in  the 
article  following  this  one. 

The  same  method  may  be  applied  to  land  of  any  number  of 
different  qualities ;  and  a  combination  of  this  method  with  the  pre- 
ceding problems  will  solve  any  case  which  may  occur. 
H,      STRAiaHTENINS  OBOOKED  JESCES. 

(525)  It  is  otten  required  to  substitute  a  straight  fence  for  a 
crooked  one,  su  ■  that  the  former  shall  part  off  precisely  the  same 
quantity  of  land  as  did  the  latter.  Thia  can  be  done  on  a  plat  by 
the  method  given  in  Art.  (83),  by  winch   the  irregular  figure 


1...2...3...4...5  is  reduced  to  the  equivalent  triangle  1... 5. ..3',  and 
the  straight  line  5,..S'  therefore  parts  off  the  same  quantity  of  land 
on  either  side  as  did  the  crooked  one.  The  distance  from  1  to  3', 
as  found  on  the  plat,  can  then  be  set  out  on  the  ground  and  the 
straight  fence  be  then  ranged  from  3'  to  5 

The  work  may  be  done  on  the  ground  more  accurately  hj  run- 
ning a  guess  line,  AC,  Fig.  361,  across  the  bends  of  the  fence  which 
crooks  from  A  to  B,  measuring  offsets  to  the  bends  on  each  side 
of  the  guess  Hne,  and  calcdating  their  content.  If  the  sums  of 
these  areas  on  each  side  of  AC  chanced  to  be  equal,  tliat  would  be 
the  line  desired ;  but  if,  aa  in  the  figure,  it  passes  too  far  on  one 
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wde,  divide  tho  difference  of  the  areas  hy  lialf  of  A.C,  and  set  it 
off  at  right  angles  to  AC,  from  A  to  D.  BO  -will  then  be  a  line 
parting  off  the  same  quantity  of  land  as  did  the  crooked  fence.  If 
the  fence  at  A  was  not  perpendicular  to  AC,  but  oblique,  as  AE, 
then  from  D  run  a  parallel  to  AC,  meetmg  the  fence  at  E,  and  EC 
will  be  the  required  line. 


CHAPTER  111 


Binmm  kp  lask. 

(526)  Most  of  the  problems  for  "  Dividing  up"  land  i 
brought  under  the  cases  in  the  preceding  chapter,  hy  ri 
one  of  the  portions  into  which  the  figure  is  to  be  divided,  as  an 
area  to  be  "  Parted  off"  from  it.  Many  of  them,  however,  can 
be  most  neatly  executed  by  considering  them  as  independent  pro- 
blems, and  tliis  will  be  here  done.  They  mil  be  arranged,  firiitly, 
according  to  the  simplicity  of  the  figure  to  he  divided  up,  and  then 
Bub-arranged,  as  in  the  leading  aiTangcment  of  Chapter  II,  accord- 
ing to  the  manner  of  the  division. 

DIVISION  OF  TRIANGLES. 

(527)  By  lines  parallel  to  ,i  side.     Sup- 


pos 


I  that  the  trianailo  ABC  is  to  be  divided  into 


two  equivalent  parts  by  a  line  parallel  to  AC. 
The  desired  point,  D,  from  which  this  line  is  to 
start,  will  be  obtained  by  measuring  BD  = 
AB  yi. ,    So,  too,  E  is  fixed  by  BE  ^  BC  V-^- 
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Generally,  to  divide  the  triangle  into  two  parts,  BDE  and  AGED 
which  sha,ll  have  to  each  other  a  ratio  =  m  :  si,  we  have  BD  =■ 


This  may  be  constmctecl  thus.  Describe  a 
senucirele  on  AB  as  a  diameter.  From  B  set 
off  BF  =  — ^—  .  BA.    At  P  erect  a  pei-peodi- 

cular  meeting  t3ie  semicircle  at  G.     Bet  off  BG 
from  B  to  D.    D  18  the  starting  point  of  the  divi- 
sion line  required.     In  the  figure,  the  two  parts  are  as  2  to  3,  and 
EF  ia  therefore  =  |  BA. 

To  divide  tlie  ti^ngle  AEC  into  five  Fig.  364. 

equivalent  parts,  we  should  have,  similarly, 
BD=AB  Vi;  BD'=:AB  /J;  BD" 
=  AB  Vf ;  BD"'  =  AB  ^/i. 

The  same  method  will  divide  the  trian- 
gle into  any  desired  number  of  parts  hav- 
ing any  ratios  to  each  other,  a^ Ic 

(5SS)  By  liJies  perpendicular  to  a  side.  Suppose  that  ABO 
is  to  be  divided  into  two  parts  having 
a  ratio  =  m  :  n,hjs, line  perpendicular 
to  AC.  Let  EF  be  the  dividing  line 
whose  position  is  required.  Let  BD 
be  a  perpendicular  let  fall  from  E  to 
AC.    ThenisAE  =  ^/(AC  X  AD  X  ^^V      In  this  figure, 

AFE  :  EFBC  : :  m  :  m  : :  1  :  2. 

If  the  triangle  had  to  be  dinded  into  two  equivalent  parts,  the 
above  expression  would  become  AE  =  VCh  ■^^  ^  AD). 


(529)  By  lines  ruimitig  !u  auy  givea  directiOH.  Let  a  triangle, 
ABC,  be  ^ven  to  be  divided  into  two  parts,  having  a  ratio  =  m  :  it, 
by  a  line  making  a  given  angle  with  a  side.     Part  off,  as  in  Art 

(S09)  or  (5!0),  Fig.  350,  an  area  BFGr  =  — ^.  ■  ■  ABC. 
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(53ft)  ISy  hMh  ■'Saililisf  fiwffi  ffiil  dnili}.     Divide  the  side  oppo- 
fcite  to  the  ^i\  eii  angle  into  tlie  lei^uiied  iium-  i'"'?'  ^S'^. 

l>er  of  parts,  and  draw  Imes  tiom  tho  angle  to 
the  points  of  diyi&ion.  In  the  fi^mc  the  tii- 
angle  is  lepresented  as  being  thus  dmdeil  mto 
two  equivalent  parts. 

If  the  triangle  were  reqiiired  to  he  divided  into  two  pai-tsj  having 

to  each  other  a  ratio  —  m  :  n,  we  shoiJd  have  AD  =  AC  ■  ■  ■ ,  ^^ 

and  DC  =  AC  — ~. 

If' the  triangle  had  to  be  divided  into  three 
parte  which  should  be  to  each  other : :  m  :  n  :p, 

we   should  have   AD  =  AC  - 


m  +  n-^  p- 


AC- 


.,aiidEC=AO 


I  +p  m  +  n  +  p 

at  a  triangular  field  AEG,  had  to  be  divided  among 
five  men,  tivo  of  them  to  have  a  quarter  each,  and  three  of  them 
each  a  sixth.  Divide  AC  into  two  equal  parts,  one  of  these  again 
into  two  equal  pai'ts,  and  the  other  one  into  three  equal  parts- 
Run  the  lines  from  the  four  points  thus  obtained  to  the  angle  E. 


<53!)  By  limes  starling  trmn  a  yoint  ill  a  side-     Suppose  that 
the  triangle  ABC  is  to  be  divided  into  two  Fig.ses 

equivalent  parts  by  a  line  starting  from  a  point 
D  in  the  side  AC.     Take  a  point  E  in  the 
nuddle  of  AC.     Join  BD,  and  from  E  draw  a 
parallel  to  it,  meeting  AE  in  F.     DF  will  be   , 
the  dividing  line  required. 

The  point  F  will  be  most  easily  obtained  on  the  ground  by 
proportion  AD  :  AB  : :  AE  =  ^  AC  :  AF. 

The  idtitude  of  AFD  of  course  equals  ^  ABC  ~  ^  AD. 

If  the  triangle  is  to  be  divided  into  two  parts  having  any  o 
ratio  to  ea«h  other,  divide  AC  in  that  ratio,  and  then  p 


before.     Let  this  ratio  =  n 


.,  then  AF  ■ 


^AB  X  AC 
AD 
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Fig.  370. 


(ft32)  Next  suppose  that  the  trian- 
gle ABO  ia  to  be  divided  into  three 
equivalent  parte,  meeting  at  D.  Tlie 
altitudes,  EP  and  GH,  of  the  parts 
iDE  and  DCG,  will  be  obtained  bj  ^' 
dividing  J  ABO,  by  half  of  the  respective  bases  AD  and  DC. 

If  one  of  these  quotients  givea  an  altitude  greater  than  that  of  the 
triangle  ABO,  it  Trill  shew  that  the  two  lines  DE  and  DG  would 
both  cut  the  same  side,  as  in  Fig.  370,  in 
ffhieli  EF  is  obtained  as  above,  and  GH  = 
I  ABO  ~  J  AD. 

In  practice  it  ia  more  convenient  to  d 
termiEe  the  points   P  and  G,  hj  these 
proportions ; 

BK  :  AK  : :  EF  :  AF ;  and  BK  :  AK  : :  GH  :  AH. 

The  division  of  a  triangle  into  a  greater  number  of  parts,  having 
any  ratios,  may  he  effected  in  a  similar  manner. 

(5S3)  This  problem  admits  of  a  more  elegant  solution,  analogous 
to  tiiat  given  for  the  division  into  two  Fig.  371.  -^ 

parts,  graphically.     Divide  AC   into 
three  equal  parts  at  L  and  M.     Join 
BD,  and  from  L  and  M  draw  p 
lels  to  it,  meeting  AB  and  EG  in  E 
and  G.     Draw  ED  and  GD,  which  will  be  the  desired  lines  of 
division.     The  figure  ia  tiie  same  triangle  as  Fig.  369. 

The  points  B  and  G  can  be  obtained  on  the  ground  by  measniv 
ing  AD  and  AB,  and  making  the  proportion  AD  :  AB  : :  ^  AC  :  AE, 
The  point  G  is  similarly  obtained. 

The  same  method  will  divide  a  triangle  into  a  greater  number 


(534)  To  divide  a  triangle  into  four  equivalent  triangles  by 
lines  terminating   ia   the    sides,  la  very  ^'S'  372. 

easy.    From  D,  the  middle  point  of  AB, 
draw  DE  parallel  to  AC,  and  from  F, 

the  middle  of  AO,  draw  FD  and  FE. 
The  problem  is  now  solved. 
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(535;  By  liiiss  passing  tiiroiigli  a  iwlaf  wiliiia  (lis  triangle. 

Iiet  D  be  a  given  point  (such  aa  a  well,  ^'^-  ^^'^■ 

&c.)  within  a  triangular  field  ABC,  from 

which  feaeea  are  to  run  so  as  to  divide 

the  triangle   into   two   equivalent  parts. 

Join  AD.     Take  E  in  the  middle  of  EC, 

and  from  it  draw  a  parallel  to  PA,  meetillg  AC  ID  T.     EDF  13 

the  fence  requireil. 


(536)  If  it  ho  required  to  di- 
vide a  triangle  into  two  equiva- 
lent parts  hy  a  straight  line  pass- 
ing through  El  point  within  it,  pro- 
ceed thus.  Let  P  be  the  given 
point.  From  P  di-aw  PD  paral- 
lel to  AC,  and  PE  parallel  to  BO. 
Bisect  AC  at  F.  JoinFB.  From 
B  draw  BG  parallel  to  DF.  Then 
bisect  GO  in  H.  On  HE  de- 
scribe asemicircle.  Onitsetoff 
EK  =  EC.  Join  KH.  Set  off 
HL  =  HK.  The  line  LM  dra™ 
from  L,  through  P,  will  be  the 
division  line  required. 

This  figure  is  the  same  as  that  of  Art.  (519).  The  triangle 
ABC  contains  62.35  acres,  and  the  distance  CL  =  27.31  chains, 
as  in  the  example  in  that  article. 


(337)  Next  suppose  that  the  trian- 
gle ABC  is  to  be  divided  into  three 
equivalent  parts  by  lines  starting  from 
a  point  I>,  within  the  triangle,  given  by 
the  rectangular  co-ordinates  AE  and 
aod  ED.  Let  ED  be  one  of  the  lines 
of  division,  and  F  and  G-  the  other  points  required.  The  point  F 
will  be  determined  if  AH  is  known ;  AH  and  HF  being  its  rectan- 
gular co-ordinates,     Fi'om  E  let  fall  the  perpendicular  EK  on  AC. 
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The  position  oi  the 


„,       .     .  ^       AK  (I-  ABC  -  AE  X  ED) 

Then  13  AH  =  ■    ^,,^^     ,..|^- ^-rr; t-tt-- 

AK  X  BK  —  KD  X  Aiv 
other  point,  G,  ia  determined  in  a  similar 


(538)  LetDB,  msteadofDE, 
be  one  of  the  required  lines  of 
division.  Divide  ^  ABC  by  half 
of  the  porpoadieilar  DH,  let  fall 
from  J)  to  AB,  and  tho  quotient 
■will  be  the  distance  BF.  To  find 
G,  if,  as  ia  this  figui-e,  the  trian-  bf^ 
gle  EDO  (=  BO  X  ^  DK)  ia  less  tlian  ^  ABC,  divide  the  excess 
of  the  latter  (wblch  will  be  CDG)  by  ^  DE,  and  the  quotient  -will 
beCG. 

Example.  Let  AB  =  30.00;  BO  =  45.00;  CA  =  50.00. 
Let  the  perpendiculars  from  D  to  the  sides  be  these ;  DE  =  10.00 ; 
DH  =  20.00 ;  DK  =  5.17^.  The  content  of  the  triangle  ABC 
will  be  666.6  square  chains.  Each  of  the  email  triangles  must 
therefore  contain  222.2  aq.  chs.,  BD  being  one  division  line.  We 
shaU  therefore  have  BF  =  222.2  4-  J  DH  =  22.2  chains.  EDO 
=  45  X  ^  X  6.17^  =  116.4  sq,  cha.,  not  enough  for  a  aecond  por- 
tion, but  leaving  105.8  sq,  chs.  for  CDG;  whence  CG=  21.16 
cha.  To  prove  the  work,  calculate  the  content  of  the  remaimng 
portion,  GDPA.  We  shall  find  DGA  =  144.2  sq.  chs.,  and  ADF 
=  78,0  eq.  cha.,  making  together  222.2  sq.  chs.,  as  required. 

The  scale  of  Fig.  376  is  30  chains  to  1  inch  =  1  :  23760. 


(539)  The  preceding  case  may 
be  also  solved  graphicaOy,  thus. 
TakeCL  =  |AC.  Join  DL,  and 
from  B  draw  BG  parallel  to  DL. 
Join  DG,  It  will  be  a  second  line 
of  division.  Then  take  a  point, 
M,  in  the  middle  of  BG,  and  from  a^ 
it  draw  a  line,  ME,  parallel  to  DA.  DE  will  be  the  third  line  of 
dirision.  This  method  is  neater  on  paper  than  the  preceding ;  but 
less  convenient  on  the  ground. 
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(34ti>)  Let  it  be  required  to  divide  Fig.  37S.^ 

the  triangle  ABC  into  tiiree  equivar- 
lent  triangles,  by  lines  drawn  from 
tiie  three  angular  points  to  some  tin- 
known  point  within  iJie  triangle.  This 
point  is  now  to  be  found.  On  any  ' 
side,  as  AB.  take  AD  =  ^  AE.  Prora  D  draw  DE  parallel  to 
AC.  ■  The  middle,  F,  of  DE,  ia  the  poiut  required. 

I£  the  three  small  triangles  are  not  to  be  eqmvalent,  but  are  to 
have  to  each  other  the  ratios  ::m:n:p, 
divide  a  ade,  AE,  into  parts  having 
these  ratios,  and  through  each  point 
of  division,  D,  E,  draw  a  parallel  to 
the  side  nearest  ia  it.  The  intersec- 
tion of  these  parallels,  in  !P,  is  the  j 
point  required.     In  the  figure  the  parts  ACF,  ABF,  EOF,  are  as 


(all)  Let  it  be  required  to  find 
the  position  of  a  point,  D,  situated 
irithin  a  given  triangle,  ABC,  and 
equally  distant  from  the  points  A,  B, 
0 ;  and  to  determine  the  ratios  to 
each  other  of  the  three  triangles  into  - 
which  the  given  triangle  is  divided. 

By  construction,  find  the  centre  of  the  circle  passing  through 
A,  B,  C.     This  will  be  the  required  point. 

By  calculation,  the  distance  DA  =  DB  =  DC  =    .    ^  ^'    ,  r,  \ 
*'  '  4  X  area  ABC 

The  three  small  triangles  will  be  to  each  other  as  the  sines  of  their 

angles  at  D ;  i.  e.  ADB  :  ADO  :  EDO  : :  sin.  ADB  :  sin.  ADC  : 

sin.  BDC.    These  angles  are  readily  found,  sines  the  sine  of  half 

of  each  of  them  equals  the  opposite  side  divided  by  twice  one  of 

the  equal  distances. 
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(512)  By  the  shortest  posslMe  line.    Let  it  be        I'ig-  sai. 
required  to  divide  the  triangle  ABC  by  the  short- 
est possible  iine,  DE,  into  two  parta,  which  shall 
be  to  each  other  ::  m  -.n;  or  DEE  :  AEO  : :  m 
:  m  +  n. 

J'rom  the  smallest  angle,  B,  of  the  triangle, 
measure  along  the  sides,  BA  and  BO, 

line  required.     It  is  pei-pendicular  to  the  line  BF  which  bisects 
the  angle  ABO ;  and  it  is  =  ■  ^'"'^    ■    /  (-—-'  ><  -A-B  X  Bc)  ■ 


C  ABXBC 


DIVISION    OF    RECTANGLES. 

(543)  By  Urns  parallci  to  a  side.  Divide  two  opposite  sides 
into  the  required  number  of  parts,  cither  equal  or  in  any  given 
ratio  to  each  other,  and  the  lines  joining  the  points  of  division  will 
be  the  lines  desired. 

The  same  method  is  applicable  to  any  parallelogram. 

Example.     A  rectangular  field  ^'a-  3*3. 

ABCD,  measuring  15.00  chains 
by  8.00,  is  bought  by  three  men, 
who  pay  respectively  $300,  $400 
and  $500.  It  is  to  be  divided 
among  them  in  that  proportion. 
Ans.  The  portion,  of  the  first, 
AEE'B,  is  obtained  by  making  the  proportion  300  +  400  +  500  : 
300  : :  15.00  :  AE  =  3.75.  EF  ia  in  Hke  manner  found  to  be 
5.00 ;  and  FD  =  6.25.  BE'  is  made  equal  to  AE ;  E'F  to  EF ; 
and  F'C  to  FD.  Fencea  from  E  to  E',  and  from  F  to  F',  will 
divide  the  land  as  required. 

The  scale  of  tlie  figure  ia  10  chains  to  1  inch  =  1 :  7920. 

The  other  modes  of  dividing  up  rectangles  will  be  given  under 
the  head  of  "  Quadrilaterals,"  Art.  (548),  &e. 


E  I- 
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DIVISION    OF    TRAPEZOIDS. 

(514)  By  Hues  parallel  to  the  bases.     Given  the  bases  and 
tliJrd  aide  of  the  trapezoid,  ABCD,  to  be  Fig.  3S3. 

divided  into  two  parts,  such  that  ECFE  :         R c: 

EPDA  ■.:m:n. 

The  length  of  the  desired  dividing  line, 

AB  (EF  — BO) 


The  distance  BE  =  - 


AD~JJC 


&ample.    Let  AD  =  §0  chains ;  BO  = 
20  che. ;  and  AB  =  54^  chs. ;  and  the  parta 
to  be  as  1  to  2 ;   reciuired  EF  and  BE.      I 
Ans.    EF  =  23.80;  and  BE  =20.65.  / 

The  figure  is  on  a  scale  of  30  chains  to  1         ax 
inch  =  1:23760. 


(545)  Given  the  bases  of  a  trapezoid,  and  the  perpendicular 
distance,  Bil,  between  them ;  it  is  required  to  divide  it  as  before, 
and  to  find  EP,  aod  the'  altitude,  EG,  of  one  of  tlie  parts.     Let 

ECFE  :  EFDA  : :  m  :  w.     ThcnBG- 


A, 


EF  =  BC  +  BG 


AD  — BO 
AD  — EC 


-EC 


BII      ■ 

Example.  Let  AD  =  SO. 00  ;  EC  =  20.00;  EH  =  5-4.00  ; 
and  the  two  parts  to  be  to  each  other  : :  46  :  89. 

The  above  data  ^ve  the  content  of  ABCD  =  1350  square 
chains.  Substituting  these  numbers  in  the  above  formula,  we  obtain 
BG  =  20.913,  and  EF=  23.88. 


(540)  Bylii 

trapezoid  into 


s  starting  from  points  in  a  siOe.  To  divide  a 
irta  equivalent,  or  having  any  ratios,  divide  Tts 
he  same  latioe,  and  join  the  corresponding  points. 
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If  it  be  also  required  that  the  division  lines  eKall  start  j 
^'ueji  points  on  a  side,  proceed  ^    ^''^  ^^f  ■    ^ 

thus.  Let  it  he  required  to 
divide  the  trapezoid  AECD 
into  three  equivalent  parts  by 
fences  starting  from  P  and  Q 
Divide  the  trapezoid,  as  above 
directecl,  into  three  equivalent 
trapezoids  by  the  Knea  EF  and  GH.  These  three  trapezoids  mu 
now  be  ti-ansformed,  thus.  Join  EP,  and  from  F  draw  FR  paral 
lei  to  it.     Join  PR,  and  it  will  be  one  of  tlie  division  lines  required. 

The  other  division  line,  QS,  ia  obtained  Bimilarly. 

(54?)  Otlier  cases.  For  otlier  eases  vf  dividing  trapezoids, 
apply  tliose  for  quadrilaterals  in  general,  given  in  the  followmg 
articles.* 

DIVISION    OF   QUADRILATERALS. 

(348)  By  lilies  parallel  (o  a  side.  Let  ABOD  be  a  quadrlla 
teral  which  it  is  required  to  y]g.  3S5. 

divide,  by  a  line  EF,  paral-  c 

lei  to  AD,  into  two  parts,  _.-'f'._ 

BEFC   and   EFDA,  which  /'''  !    '\^ 

shall   be  to  each   other  as  /       \ 

m ;  n.  Prolong  AP  and  CD 
to  intersect  in  G.  Let  a  be 
the  area  of  the  triangle 
ADG,  obtained  by  any  me- 
thod, gi-aphical  or  trigono- 
metrical, and  a'  =  the  area  ^ 
of  the  triangle  BCG,  obtained  by  subtractmg  the  area  of  the  given 
quadrilateral  from  that  of  the  triangle  ADG.     Then  GK  =  GH 

/ 1 "T-—  I ,     Having  measured  this  length  of  GK  from  G  on 

GH,  set  off  at  K  a  perpendicular  to  GK,  and  it  will  be  the  required 
line  of  division. 

•  If  a  line  be  drawn  joining  the  middle  points  of  the  parallel  bases  of  a  trape- 
zoid, any  line  drawn  tlirou^h  the  middle  of  the  Sret  line,  and  meeting  the  paral- 
lel bases,  win  divide  the  trapezoid  into  two  equivalent  parts. 
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Otlierwise,  take  GE  ~  GA./i"'^'      ""  |  ;   and  from  E  i 

a  parallel  to  AD, 

If  the  two  parts  of  the  quadrilateral  were  to  be  equivalent,  m  - 


i  have  GK  =  Gil 


V(^/) 


and  consequently  GE  to 


GA  in  the  same  ratio. 

S^mitple.  Let  a  quadrilateral,  ABCD,  he  required  to  be  thua 
divided,  and  let  its  angles,  E  and  C,  be  given  by  rectangular  co-ordi- 
nates, via :  AB'  =  6.00 ;  B'B  =  9.00 ;  DC  =  8.00 ;  C'C  =  13.00 ; 
B'C  =  24.00.  Here  GH  is  readily  found  to  be  29.64 ;  ADG  = 
663.16  square  chains;  and  EGG  =  220.16  square  chains.  Henee, 
by  Uie  formula,  GK  =  24.72 ;  whence  KH  =  GH ~  GK  =  4.92 ; 
and  the  abscissas  for  the  pomts  E  and  F  can  be  obtained  by  a 
ample  proportion. 

The  scale  of  the  figure  is  20  chains  to  1  inch  =  1 :  15840. 

If  the  quadrilateral  be  given  by  Bearings,  part  off  the  desired 

area  =  — ^—  .  ABCD,  by  the  formulas  of  Art-  (5a4) . 

Suppose  now  that  a  quad- 
rilateral, ABOD,  is  to  be  di- 
vided intop  equivalent  parts, 
by  lines  parallel  to  AD. 
Measure,  or  calculate  by  Tri- 
gonometry, AG.  Let  Qbe 
the  quadrilateral  AECD,  and, 
as  before,  a'  =  BOG.     Then 

GE  =  AGjj     "^^j;  GL  =  AG  ^/  j  "  ^  y  [  ; 

(  «'  -^  Q  ) 
If  the  quadrilateral  be  given  bj  Bearings,  part  off,  by  Art.  (304), 
-  .  ABCD,  then  part  off  -  .  ABOD ;  &c. ;  so  in  any  similar  case. 


Hosted  by 


Google 


S58 


LAYING  OIT  ASD  DSVIMSG  IIP  Li\D.      [ps 


(549)  By  lines  peipeodlcalar  to  a  sistc.     Let  ABCD  bo  a 
quadrilateral  wlucli  is  to  be  divided,  by  fig.  337. 

a  line  perpendicular  to  AD,  into  two 
parts  having  a  ratio  =  m:  n.  By  hypo- 
thesis, ABEF  =  -5—  .  AECD. 


;  away  the  triangle  ABG-,  the    '^  ^  ^  Ji        P 

reraaiader,  GBEF,  will  be  to  the  rest  of  the  figure  in  a  known 
ratio,  and  the  position  of  EF,  parallel  to  EG,  will  be  found  as  in 
the  last  article. 


(650)  By  Urns  runaiug  in  any  given  directiasi.    To  divide 
a  quadrilateral  ABOD  into  two  parta  ::  m  :  11,  part  off  from  it  an 

area  =  — ^—  .  AECD,  by  the  methods  of  Arts.  (309)  or  (510), 

if  the  area  parted  off  is  to  be  a  triangle,  or  Arts.  (511)  or  (512), 
if  the  area  parted  off  is  to  be  a  quadrilateral. 

(551)   By  lines  starting  ft-om  an  angle.      ABCD   is   to   he 
divided,  by  the  line  CE,  into  two  ^'S-  ^^^s. 

parts   having   the   ratio  m  :  n. 
Since  the  area  of  the  triangle 


CDE  = 


-  .  ABCD,  DE  will 


be  obtajned  by  dividing  tliia  area 
by  half  of  the  altitude  CF. 

(553)  By  lines  starting  IVom  points  ia  a  sidei 

required  to  divide  ABCD  into  two  ^'S- ' 

parta  : :  m  :  n,  by  a  line  starting  from  ^^~~--:— -^ 

the   point  E.     The   area  ABFE  is  /<}\-""''/\ 

liMwn,  (!>cing  =  — ^—  .  ABCD)  a 

also  ABE;  AB,   BE,   and  EA   hi 

ing  given  on  the  ground.     BEF  will  then  be  known  =  AEFE  -  - 

ABE.     Then  GF  =  pp^,  and  the  point  F  is  obtamed  by  running 

a  parallel  to  EE,  at  a  perpendicular  distance  from  it  =  GF. 
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To  divide  s,  qimdrilateral,  ABCD, 
graphically,  into  two  equivalent  parts 
bj  a  line  from  a  point,  E,  on  a 
side,  proceed  thus.  Draw  the  diago- 
nal CA,  and  from  B  draw  a  parallel 
to  it,  meeting  DA  prolonged  in  F. 
Mart  the  midclle  point,  G,  of  FD. 
Join  GE.  From  C  drEuw  a  parallel  to  EG,  meeting  DA  in  H.  EH 
is  the  required  line.  The  quadrilateral  could  also  be  divided  in 
any  ratio  =:  m  ;  m,  by  dividing  FD  in  that  ratio. 

If  the  quadrilateral  be  given  by  Bearings,  proceed  to  part  off 
the  desired  area,  as  in  Art.  (5!5)  or  (516). 

(553)  Let  it  be  required  to  divide  a  quadrilateral,  ABCD,  into 
three    equivalent    parts.  Fig.  391. 

From  any  angle,  as  C, 
draw  CE,  parallel  to  DA. 
Divide  AD  and  EC,  each 
into  three  equal  parts,  at 

F,  F,  and  G,  G'.  Draw 
BF,  BF'.  From  G  draw 
GH,  parallel  to  EB,  and 
from  G'  draw  G'H',  pa- 
rallel to  F'E.     FH  and  F'll'  are  the  required  lines  of  division. 

Let  it  be  required  to  make  Fig.  392. 

the  above  division  by  lines 
starting  from  two  given 
points,  P  and  Q.  Reduce 
the  quadrilateral  to  an  equi- 
valent triangle  CBE,  as  in 
Art.  (87).  Divide  EB  into 
three  equal  parts  at  F  anct 

G.  Join  CQ,  and,  from  G, 

draw  GK  parallel  to  it.     Joiji  CP,  and  from  E  draw  PL  p 
to  it.    Join  PL  and  QK,  and  they  will  be  the  division  lines  required. 

(534)  By  Hoes  passing  tlirough  a  point  wllMn  the  iigiire. 

Proceed  to  part  off  the  desired  area  as  in  Arts.  (519),  (520),  or 
(521),  according  to  the  circumstances  of  the  case. 
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DIVISION    OF    POLYGONS. 
(555)  By  liuea  rumiiug  in  any  directiou.     Let  ABCDEFG  bo 
a  given  polygon,  and  EH  the  di-  Fig-  393. 

reetion  parallel  to  which  is  to  be 
drawn  a  line  PQ,  dividing  the 
polygon  into  two  parts  in  any  de- 
sired ratio  —  in'.n.    The  area 


PCDBQ  = 


.  AECDEFG. 


Taking  it  from  the  area  BCDEH, 

the  remainder  ■will  be  the  area, 

BPQH.   ■     The  1    quadrilateral 

BCEH,  CE  being  supposed  to  be  drawn,  can  then  be  divided  by 

the  method  of  Art.  (548),  into  two  parts,  EPQH  and  PQEO, 

having  to  each  other  a  known  relation. 

K  DK  were  the  given  direction,  at  right  angles  to  the  former, 
the  position  of  a  dividing  line  ES  could  be  similarly  obtained. 


(556)  By  Hues  siariiiag  fmm  au  aiiglei    Produce  one  aide,  AB, 

Fig.  394. 


of  the  given  polygon,  both  ways,  and  reduce  tKe  polygon  to  a  single 
equivalent  triangle,  XYZ,  by  the  method  of  Art.  (83).  'Then 
divide  the  base,  XT,  in  the  required  ratio,  as  at  W,  and  draw 
ZW,  which  will  be  the  division  line  desired.  In  this  figure  tiie 
polygon  is  divided  into  two  equivalent  parts. 
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Dividing  up  Land. 


If  the  div-iaion  line  should  pas3  outside  of  the  poljgi^n,  as  floes 
ZP,  through  P  draw  a  parallel  to  BZ,  meetmg  the  idji,ceDt  aide 
of  the  polygon  in  Q,  and  ZQ  tiiU  he  the  dnision  hne  desired 

(557)  By  tine§  sfartisig  fi-asii  a  p&iiit  ois  a  side.  Pee  \riiclea 
(517)  and  (518)  in  the  preceding  ch^tti 

(558)  Ey  liaes  pa^iag  thrftugh  a  paml  vitliSii  iiis  Sgurc 
Part  off,  as  In  Arte.  (5B9)  or  (5J2)  m  the  piecediug  chapter, 
if  a  straight  line  be  required ,  oi  bv  guess  hnea  and  the  addition 
of  triangles,  as  in  Art.  (538)  of  tliia  chiptei,  if  the  lints  hive 
merely  to  start  from  the  point,  eui.h  as  a  sjimg  q    vn.ll 

(559)  Oilier  pr9l)kms>  The  following  is  from  Gummere's  Sur- 
veying. Question.  A  tract  of  land  is  Fig,  395. 
bounded  thus:  ■  N.  35^°  E.,  23.00  ;  N. 
75^°  E.,  30.50;  S.  Z^°  E.,  46.49;  H. 
6810  ff  .^  49.64.  It  is  to  M  diyided  into 
four  equivalent  parts  by  two  straight  lines, 
one  of  which  is  to  run  parallel  to  the  third 
side ;  reqmred  the  distance  of  the  parallel 
division  line  from  the  first  comer,  mea- 
sured on  the  fourth  side ;  also  the  Bearing 
of  the  other  division  Hne,  and  its  distance  from  the  same  corner 
measured  on  the  first  side.  Ans.  Distance  of  the  parallel  divi- 
sion line  from  the  first  comer,  82.50  ;  the  Bearing  of  the  other, 
S.  88°  22'  E. ;  and  its  distance  from  the  same  comer  5.99, 

The  scale  of  the  figure  is  40  chidns  to  1  inch  =  1 :  31680. 

An  indefinite  number  of  problems  on  this  subject  might  be  pro- 
posed, but  they  would  he  matters  of  curiosity  rather  than  of  utility, 
and  exercises  in  Geometry  and  Trigonometry  rather  than  in  Sur- 
veying ;  and  the  youngest  student  will  find  his  life  too  short  for 
even  the  hastiest  smvdj  of  merely  tho  most  fruitful  parts  of  the 
boundless  field  of  Mathematics. 
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THE   PUBLIC   LANDS 
OF  THE    UNITED   STATES." 

(56!))  General  system.  Tke  Public  Lands  of  the  United  States 
of  America  are  generally  divided  and  laid  out  into  squai'es,  the 
sides  of  which  mn  truly  North  and  South,  or  East  and  West. 

This  is  effected  by  means  of  Meridian  lines  and  Parallels  of  Lati- 
tude, established  six  miles  apart.  The  principal  meridians  and  baae 
lines  are  established  astronomically,  and  the  intermediate  ones  are 
run  with  eh^n  and  eompass.  The  squares  thus  formed  are  called 
Townships.  They  contain  36  square  miles,  or  28040  acres,  "  as 
nearly  as  may  be."  The  map  on  the  opposite  page  represents  a 
portion  of  the  Territory  of  Oregon  thus  laid  out.  The  scale  is  10 
miles  to  1  inch  =  1 :  633600.  On  it  will  be  seen  the  "Wdlamette 
Meridian,"  running  truly  North  and  South,  and  a  "  Base  line," 
which  ia  a  "  Parallel  of  Latitude,"  running  truly  East  and  "West. 
Parallel  to  these,  and  sis  miles  from  them,  are  other  lines,  forming 
Townships.  All  the  Townships,  situated  North  or  South  of  each 
iiiher,  form  a  Range.  The  Ranges  are  named  by  their  number 
East:  or  West  of  the  principal  Meridian.  In  the  figure  are  seen 
three  Ranges  East  and  West  of  the  Willamette  Meridian.  They  are 
noted  as  R.  I,  E,,  R.  L  W.,  &e.  The  Townships  in  each  Range 
are  named  by  their  number  North  or  South  of  the  Baae  line.    In 

*  The  substance  of  this  Part  ia  maiolj'  taken  from  "  lusti-actiona  to  the  Surveyor 
General  of  Oregon,  being  a  Manual  iw  Field  Operations,"  prepared,  iu  March, 
1851,  by  Johu  M.  Moore,  "  PriHcijial  Clerit  of  Sar/ajs,"  by  direution  of  lion. 
J.  Butterfield,  "  Oommissioner  of  the  General  Lund  Office,"  and  commanioated  to 
the  author  by  Hou.  John  WiLaon,  the  present  Oommiaaioner.  The  aim  of  the 
"  lustrnotioua"  ia  elated  to  be  "  dinplioity,  uniformity  and  permanency,"  They 
leem  admirablj'  adEpledfoi-  the«e  objects,  and  the  lasting  importance  of  the  Bnbject 
in  this  countiy  has  led  the  author  to  reprodnce  about  half  of  them  iu  this  place. 
They  were  subseguetilly  directed  to  be  adopted  for  the  Surveying  service  iu 
Mitinesota  and  California, 
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the  Ogure  along  the  principal  Meridian  are  seen  four  North 
and  five  South  of  the  Ease  line.  They  are  noted  as  T.  1  N.. 
T.  2  N.,  T.  1  S.,  ko." 

Each  Township  is  divided  into  38  Sec-  j^ 

iroHS,  each  1  mile  square,  and  therefore 
containing,  "  as  nearly  as  may  be,"  640 
acres.  The  aections  in  each  Township  are 
numbered,  as  in  the  margin,  from  1  to  SS, 
fceginning  at  the  Korth-east  angle  of  the 
Township,  and  gomg  West  from  1  'to  6, 
then  East  from  7  to  12,  and  so  on  alter-  '^ 

nately  to  Section  36,  which  irill  be  in  the  South-east  angle  of  the 
Township.  The  Sections  are  sub-divided  into  Quarter-sections, 
half-ar-mile  square,  and  containing  160  acres,  and  sometimes  into  half- 
qaarter-sections  of  80  acres,  and  quarter-quarter-seotions  of  40  acres. 

By  this  beautiful  system,  the  smallest  subdivision  of  land  can  be 
at  once  designated ;  such  as  the  North-east  quai'ter  of  Section  31, 
in  Township  two  South,  in  range  two  East  of  Willamette  Meridian. 


6 

6 

4 

8 

1 

7 
IB 
19 

8 
17 

9 
IB 

10 
■16 

11 
14 

12 
13 
24 

20 

21 

22 

23 

BO 

29 

28 

27 

26 

2S 

31 

B2 

S3 

34 

36 

36 

(361)  ^IISGuUy.  "  The  law  requires  that  the  lines  of  the 
public  surveys  shall  be  governed  by  the  true  meridian,  and  that 
the  townships  shall  be  six  miles  Square, — two  things  involving  in 
connection  a  mathematical  impossibility — for,  sti^ctly  to  conform 
to  the  meridian,  necessarily  throws  the  township  out  of  square,  by 
reason  of  the  convergena/  of  meridians  ;  hence,  adhering  to  the 
true  meridian  renders  it  necessary  ta  depart  from  the  strict  require- 
ments of  law  as  respects  the  precise  area  of  townships,  and  the 
subdiviaional  parts  thereof,  the  township  assuming  something  of  a 
trapezoidal  form,  which  inequality  developes  itself,  more  and  mora 
as  such,  the  higher  the  latitude  of  the  surveys.  In  view  of  these 
circumstances,  the  law  provides  that  the  sections  of  a  milci  square 
shall  contain  the  quantity  of  640  acres,  as  nearly  as  may  he;  and, 
moreover,  provides  that  '  In  all  cases  where  the  exterior  lines  of 
the  townships,  thus  to  be  subdivided  into  sections  or  half-sections, 
shall  exceed,  or  shall  not  extend,  six  miles,  the  excess  or  deficiency 
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shall  be  specially  noted,  and  added  to  or  deducted  from  tiie  western 
or  northern  ranges  of  sections  or  half-secliona  in  such  township, 
according  aa  the  error  may  be  in  running  the  lines  from  east  to 
■west,  or  from  south  to  north/  " 

"  In  order  to  throw  the  excesses  or  deficiencies,  as  the  case  may 
be,  on  the  north  and  on  the  west  sides  of  a  toivnship,  according  to 
law,  it  is  necessary  to  survey  the  section  lines  from  mutli  to  north 
on  a  tme  mGridian,  leaving  the  result  in  the  northern  line  of  the 

townsMp  to  be  governed  by  tlie  convexity  of  the  earth  and  the 
convergency  of  meridians." 

Thus,  suppose  the  land  to  be  aur?eyed  lies  between  46°  and  47^ 
fff  North  Latitude.  The  length  of  a  degree  of  Longitude  in  Lat. 
46°  N.  is  taken  as  48.0705  statute  miles,  and  in  Lat.  47*^  N.  as 
47.1944.  The  difference,  or  convergency  per  square  degree  = 
0.8761  =  70.08  chaii^.  The  convergency  per  Range  (8  per 
degree  of  Longitucle)  equals  one-eighth  of  this,  or  8.76  chains ; 
and  per  Townsliip  (11^  per  degree  of  Latitude)  equals  the  above 
divided  by  11^,  i.  e.  0.75  chain.  AVe  therefore  tnow  that  the 
width  of  the  Townships  along  their  Northern  line  is  76  links  less 
than  on  their  Southern  line.  The  townships  Nortli  of  the  base  line 
therefore  become  narrower  and  narrower  than  the  six  mile  width 
■with  which  they  start,  by  that  amount ;  and  those  South  of  it  as 
much  wider  than  six  miles. 

"  Standaed  Paballels  (usually  called  eorreetion  Imes),  are 
established  at  stated  intervals  (24  or  30  nules)  to  provide  for  or 
counteract  the  eiTor  that  otherwise  would  result  from  tlie  conver- 
gency of  meridians ;  and,  hecause  the  public  surveys  have  to  be 
governed  by  the  true  meridian,  such  lines  serve  also  to  arresi  error 
arising  from  inaccuracies  in  measurements.  Such  lines,  when  lying 
north  of  the  principal  base,  themselves  constitute  a  hass  to  the  sur- 
veys on  the  nortli  of  them ;  and  where  lying  south  of  the  prin- 
cipal base,  they  constitute  the  base  for  the  surveys  south  of  them." 

The  convergency  or  divergency  above  noticed  is  taken  up  on 
these  Correction  lines,  from  ■which  the  townships  start  again  with 
their  proper  ■widths.  On  these  therefore  there  are  found  Double 
Comers,  both  for  Townships  and  Sections,  one  set  being  the 
Oloainff  Corners  of  the  surveys  ending  there,  and  the  other  sei 
being  the  Standard  Corners  for  the  surveys  starting  there. 
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(562)  liumiin^  ToWEShl])  lines.  "  The  priucipal  meridiaE,  tlio 
base  line,  and  the  standard  paraUels  having  been  first  astronorai- 
cally  run,  measured,  and  marked,  according  to  instructions,  on  tiiie 
meridians,  and  true  paraUels  of  latitude,  the  process  of  running, 
measuring,  and  marking  the  exterior  lines  of  townships  will  be  as 
foDows. 

Townships  situated  north  0/  the  bass  line,  and  west  of  the 
frineipaZ  meridian*  Commence  at  No.  1,  being  the  aoutJiweat 
comer  of  T.  1  N. —  R.  1  W.,  as  established  on  the  haso  line; 
thence  nm  north,  on  a  true  meridian  line,  four  hundred  and  eighty 
chains,  establishing  the  mile  and  half-mile  comers  thereon,  as  per 
instructions,  to  No.  2,  (the  northwest  comer  of  the  same  townsHp) , 
whereat  establish  the  comer  of  Tps.  1  and  2  N.— Es.  1  and  2 
W. ;  thence  east,  on  a  ranciom  or  trial  line,  setting  temporary  mile 
and  half-mile  stakes  to  No.  3,  (the  northeast  corner  of  tlie  same 
township),  where  measure  and  note  the  distance  at  which  the 
line  intersects  the  eastern  boundary,  north  or  south  of  the  true 
or  established  corner.  Run  and  measure  westward,  on  the  true 
line,  (taking  care  to  note  all  the  lanii  and  water  crossings,  &c.,  as 
per  instructions),  to  No.  4,  which  is  identical  with  No.  2,  establish- 
ing tlie  mile  and  half-mile  pbrmahest  cornees  on  said  line,  the 
last  half-mile  of  which  will  fall  short  of  being  forty  chains,  by  about 
the  amount  of  the  calculated  convergency  per  township,  76  links 
m  the  case  above  supposed.  Should  it  ever  happen,  however,  that 
such  random  !ine  materially  falls  short,  or  overruns  in  length,  or 
intersects  the  eastern  boundary  of  the  township  at  any  considerable 
distance  from  the  true  corner  thereon,  (either  of  which  would  indi- 
cate an  important  error  in  the  surveying),  the  lines  must  be  retraced, 
even  if  found  necessary  to  remeasure  the  meridional  boundaries  of 
the  township  (especially  the  western  boundary),  so  as  to  discover 
and  eon-ect  the  error ;  in  doing  which,  the  true  corners  must  be 
established  and  marked,  and  the  fahc  ones  desh-oyed  and  oblite- 
rated, to  prevent  confusion  in  future ;  and  all  the  facts  must  be 
distinctly  set  forth  in  the  notes.  Thence  proceed  in  a  similar 
manner  north,  from  No.  4  to  No.  5,  (the  N.  W.  corner  of  T.  2  N. 
~R.  1  W.),  east  from  No.  5  to  No.  6,  (the  N.  E.  corner  of  the 
same  township),  west  from  No.  C  to  No.  7,  (the  same  as  No.  &), 
north  from  No.  7  to  No.  S*,  (the  N.  W.  corner  of  T.  3  N.,  E.  1 W.), 
east  from  No.  8  to  Na.  9,  (the  N.  E.  comer  of  same  township),  and 
thence  west  to  No.  10,  (the  same  as  No.  8),  or  the  southwest  comer 
T.  4  N.— R.  1  W.  Thence  north,  stiU  on  a  true  meridian  line, 
establishing  the  mile  and  half-mile  corners,  until  reaching  the 
HTASDARD  PARALLEL  or  Correction  line,  (which  is  here  four  town- 
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ships  north  of  the  base  line);  throwing  the  ea^cess  over,  or  deficiency 
under,  four  hundred  and  dglity  chains,  on  the  last  half-mile, 
according  to  law,  and  at  the  intersection  establishing  the  "  olobikg 
OOBNBR,  the  distance  of  which  from,  the  standard  eonier  must  be 
measured-  and  noted  as  required  by  the  instructions.  But  should 
it  ever  so  happen  that  some  impassable  barrier  vfill  have  prevented 
or  delayed  the  extension  of  the  standard  paraJlel  along  and  above 
the  field  of  present  survey,  then  the  surveyor  will  plant,  in  place, 
the  comer  for  the  township,  subject  to  correction  thereafter,  ehould 
such  parallel  be  extended. 

TowTiships  situated  nokth  of  the  base  line,  and  east  of  Hie 
principal  meridian.  Commence  at  ifo.  1,  being  the  &ouiheast 
comer  of  T.  1  N, — R.  1  E.,  and  proceed  as  with  townships  situa- 
ted "  north  and  west,"  except  that  the  random  or  trial  lines  will  be 
run  and  measured  west,  and  the  true  lines,  east,  throwing  the 
excess  over  or  deficiency  under  four  hundred  and  eighty  chains  on 
the  west  end  of  the  line,  as  required  by  law  ;  wherefore,  the  sur- 
veyor will  commence  his  measurement  with  the  length  of  the  defi- 
cient or  excessive  half-aection  boundary  on  the  west  of  the  town- 
ship, and  thus  the  remaining  measurements  will  all  he  even  miles 
and  half-miles. 

Townships  situated  south  of  the  base  line,  and  WEST  of  the 
principal  meridian.  Commence  at  No.  1,  the  northwest  comer 
of  township  1  S,,  range  1  W",  and  proceed  due  south  in  runnmg 
and  measuring  line,  establishing  and  marking  the  mile,  half-mile, 
and  township  corners  thereon,  precisely  in  the  method  prescribed 
for  running  hobth  and  west,  with  the  exception  that,  in  order 
to  throw  the  excess  or  deficiency  (over  or  under  four  hundred  and 
eighty  chains)  of  the  western  boundaries  of  such  of  those  townships 
as  eloie  on  the  standard  parallel  on  the  south,  upon  the  most 
northern  half-^nile  of  the  townships,  according  to  law,  the  proceed- 
ing will  be  as  follows. 

The  western  (meridional)  boundary  line  of  every  township, 
closing  on  the  standard  parallel,  (being  every  fifth  one  in  this 
case),  will  be  carefully  run  south,  on  a  true  meridian,  until  it  inter- 
sects the  standard,  planting  stakes  and  making  distinctive  marks 
on  line  trees,  in  sufficient  number  to  serve  as  guides  in  afterwards 
retracing  the  lioe  north  with  ease  and  certainty.  At  the  point  of 
the  line's  intersection  of  the  standard,  the  surveyor  will  establish 
the  "  closing"  (southwest)  comer  of  the  township,  noting  in  his 
field-book  its  distance  and  direction  from  the  "  standard  corner." 
Then  starting  fi-om  such  "  closing  corner,"  he  will  proceed  tiorth 
on  the  line  identified  by  the  guide  stakes  and  marks,  measuring 
Bucli  line,  and  establishing  thereon  the  mile  and  half-miiU  stations, 
ftnd  noting,  as  he  goes,  al\  the  land  and  water  crossmgs,  &c. 
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ips  situated  south  of  the  hose  line,  and  east  of  the 
principal  meridian.  Commence  at  No.  1,  at  the  northeast  comer 
of  township  1  S.,  range  1  E.,  and  proceed  precisely  as  with  tJie 
townships  situated  "south  and  west,"  except  that  the  random 
lines  will  he  rim  and  measured  west,  and  the  true  lines  east,  the 
deficiency  or  excess  of  the  measurements  lemg  as  m  all  othei 
cases,  thrown  upon  the  most  western  iiilf  mik  of  Ime 

(50S)  iMllillg  SfiCtiBB  lilies.  The  inteiioi  w  secti  nil  hues 
of  all  townships,  however  situated  in  lefeienee  to  the  hk  E  lud 
Meridian  lines,  are  laid  off  and  surrej  ed  as  1  elui^ 
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In  the  above  Diagram,  the  squares  and  large  figures  repre- 
sent sections,  and  the  small  figm-es  at  their  cornei-s  are  those 
referred  to  in  the  following  directions. 

"  Commence  at  No.  1,  (see  small  figures  on  diagram),  the  cor- 
ner estahliahed  on  the  township  houiidary  for  sections  1, 2,  35,  and 
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36 ;  thence  run  north  on  a  ti'ue  meridian ;  at  40  chains  setting 
tlie  half-mile  or  quarter-section  post,  and  at  80  cliBJns  (No.  2) 
establishing  and  marking  the  comer  of  sections  25, 26, 85,  and  36. 
Thence  &a»t,  on  a  random  line,  to  No.  8,  setting  the  temporary 
quarter-section  post  at  40  chains,  noting  the  measurement  to  No.  3, 
and  the  measured  distance  of  the  random's  intersection  vwrtJi  or 
Bovih  of  the  trae  or  established  comer  of  sections  25,  36,  30,  and 
31,  on  the  township  boandary.  Thence  aorreaf,  west,  on  the  true 
line  fej  No.  4,  setUng  the  quarter-seotion  post  on  this  line  exactly 
at  the  equidintant  point,  now  Itnown,  between  the,  section  OOmerB 
indicated  by  the  small  figures  Nos.  3  and  4.  Pi-oceed,  in  like 
manner,  from  No,  4  to  No.  5,  6  t«  6,  6  to  7,  and  so  on  to  No.  16, 
the  comer  to  sections  1,  2, 11,  and  12.  Thence  north,  on  a  ran- 
dom line,  to  No.  17,  setting  a  temporary  quarter-section  post  at  40 
chains,  noting  the  length  of  the  whole  line,  and  the  measured  dis- 
tance of  the  random's  intersection  east  or  west  of  the  true  comer 
of  sections  1,  %  35,  and  36,  established  on  the  township  boundary, 
thence  southwardly  from  the  latter,  on  a  true  line,  noting  die 
course  and  distance  to  No.  18, -the  established  comer  to  sections 
1,  2,  11,  and  12,  taking  care  to  estabUsh  the  quarter-section 
comer  on  the  true  line,  at  the  distance  of  40  chains  from  said  sec- 
tion corner,  so  as  to  throw  the  excess  or  defioiency  on  the  northern 
half-mile,  according  to  law.  Proceed  in  like  mariner  through  all 
the  intervening  tiers  of  sections  to  No.  73,  the  comer  to  sections 
31,  32,  5,  and  6 ;  thence  north,  on  a  true  meridian  hne,  to  No. 
T4,  establishing  the  quarter-section  comer  at  40  chains,  and  at  80 
chains  the  corner  to  sections  29,  30,  31,  and  32 ;  thence  east,  on 
a  random  line  to  No.  76,  setting  a  temporary  quai'ter-section  post 
at  40  chains,  noting  the  measurement  to  No.  75,  and  the  distance 
of  the  random's  intersection  north  or  south  of  the  established  comer 
of  sections  28,  29,  32,  and  33  ;  thence  west  from  said  corner,  on 
the  true  line,  setting  the  quarter-section  post  at  the  equidistant 
point,  to  No.  76,  which  is  identical  with  74 ;  thence  west,  on  a 
random  line,  to  No.  77,  setting  a  temporary  quarter-section  post 
at  40  chains,  noting  the  measurement  to  No.  77,  and  the  distance 
of  the  random's  intersection  with  the  western  boundary,  north  or 
south  of  the  established  comer  of  sections  25, 36,  30,  and  31 ;  and 
from  No.  77,  correct,  eastward,  on  the  true  line,  giving  its  course, 
but  establishing  the  quartetvsection  post,  on  tins  line,  so  as  to 
retain  the  distance  of  40  chmns  from  the  comer  of  section's  29, 
30,  31,  and  32 ;  thereby  throwing  the  excess  or  deficiency  of  mea- 
surement on  the  most  western  half-mile.  Proceed  nori3i,  in  a  simi- 
lar manner,  from  No.  78  to  79,  79  to  80,  80  to  81,  and  ao  on  to 
96,  the  Kouth-east  comer  of  section  6,  where  having  established  tho 
corner  for  sections,  5,  6,  7,  and  8,  run  thence,  successively,  sn. 
24 
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random  Une  east  to  Q5,  north  to  97,  and  west  to  99;  and  by 
reverse  courses  correct  on  true  lines  baoJe  to  aaid  south-east  corner 
of  section  6,  eatabliehing  the  quarter-section  comers,  and  noting 
the  courses,  distances,  &c.,  as  before  described. 

In  townships  contigaous  to  standard  parallels,  tbe  above  metbod 
will  be  varied  as  follows.  In  every  to>ynship  souiH  of  tbe  princi- 
pal base  line,  -wliich  ehses  on  a  standard  parallel,  tbe  surveyor  will 
begin  at  the  south-east  corner  of  tbe  townsbip,  and  measure  west  on 
the  Standard,  esUWiahing  thereon  the  mile  and  half-mile  corners, 
and  noting  their  distaneea  from  the  pre-eatablisbed  comers.  He 
then  will  proceed  to  subdivide,  as  directed  under  tbe  above  head. 

Iq  the  toTvnsMps  north  of  the  principal  base  line,  which  dose 
on  tbe  standard  parallel,  the  sectional  lines  must  be  closed  on  tbe 
standard  by  true  meridians,  instead  of  by  course  lines,  as  directed 
under  the  above  head  for  townships  otberwise  situated ;  and  the 
connexions  of  the  closing  comers  with  the  pre-established  standard 
comers  are  to  be  ascertained  and  noted.  Such  procedure  does 
away  with  any  necessity  for  mnning  the  randoms.  But  in  ease 
he  is  unable  to  close  the  lines  on  account  of  the  standard  not  hav- 
ing been  mn,  from  some  inevitable  necessity,  as  heretofore  men- 
tiondj  he  Tfill  plant  a  temporary  stake,  or  mound,  at  the  end  of  the 
sixth  mile,  thus  leaving  the  Hnes  and  their  connexions  to  be  finished, 
and  the  permanent  comers  to  be  planted,  at  such  time  as  the 
atandai-d  shall  be  extended." 

(584)  Exceptional  mcilJOds.  Departures  from  tbe  general  sys- 
tem of  subdividing  public  lands  have  been  authorized  by  law  in 
certain  cases,  particulai'ly  on  water-fronts. 

Thus,  an  aot  of  Congress,  March  3, 1811,  authorized  the  sur- 

y  rs    t  L  "  veying  and  diriding  such  of  the  pub- 

lid         th         It      tory,  which  are  or  may  be  authorized 

to  1  y  1       1  d    d  1,  as  are  adjacent  to  any  river,  lake, 

k  1   y  t        urse,  to  lay  out  the  same  mto  tracts,  as 

{      a.  I  n        bl      f  fifty-e  ght  poles  in  front,  and  four  hundred 

1  ty  fi  1  1  d  J  th  of  such  shape,  and  bounded  by  such 
bn  th       t         f  tl        untry  will  render  practicable  and  most 

n    n  nt        iV    th         t  of  May  24,  1824,  authorizes  lands 

mil    I       ttt  i  d     to  h         veyed  in  tracts  of  two  acres  in  width, 

f     tl  g  y  h  y  1,  lake,  or  water  course,  and  running 

b    k  th    d  [  th    f  f  ty        s;  which  tracts  of  land,  so  surveyed^ 

h  11 1      ff     d  f        1     nt  e,  instead  of  in  half-quarter-seetions," 

Th       In  t      t  f    m  which  we  have  quoted  say,  "  In  those 

localities  where  it  would  best  snbserve  the  interests  of  tbe  people 
to  have  fronts  on  tlie  navigable  streams,  aiid  to  run  back  into  the 
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uplands  for  cjuantitj  and  timber, 'the  principles  of  tlie  act  of  JIaj 
24tli,  1824,  may  be  adopted,  and  you  are  authorized  to  enlarge  the 
quantity,  so  as  to  embrace  four  acres  front  by  forty  in  depth,  form 
ing  tracts  of  one  hundred  and  sixty  acres.  But  in  so  doing  it  is 
designed  only  to  surrey  the  lines  between  every  four  lots,  (or  64U 
acres),  but  to  estabBah  the  boundaiy  posts,  or  mounds,  in  front 
and  in  rear,  at  the  distances  requisite  to  secure  the  quantity  of  160 
iwii-ea  to  each  lot,  ei&her  rectangularly,  when  praotieable,  or  at 
oblique  angles,  when  otherwise.  The  angle  is  not  importsint,  so 
that  the  principle  be  maintained,  aa  far  as  practicable,  of  making 
the  work  to  equai'e  in  the  rear  with  the  regular  sectioning. 

The  numbering  of  all  anomalous  lots  will  commence  with  No.  37, 
to  avoid  the  possibility  of  conflict  with  the  numbering  of  the  regular 
sections." 

The  act  of  Sept.  27, 1850,  authorized  the  Department,  should 
it  deem  expedient,  to  cause  the  Oregon  surveys  to  be  executed 
according  to  the  principles  of  what  is  called  the  "Geodetic  Method," 
The  complete  adoption  of  this  has  not  been  thought  to  be 
expedient ;  but  "  it  was  deemed  useful  to  institute  on  the  principal 
base  and  meridian  lines  of  the  public  surveys  in  Oregon,  ordered 
to  be  established  by  the  act  referred  to,  a  system  of  triangulations 
from  the  recognized  legal  stations,  to  all  prominent  objecta  withiii 
the  range  of  the  theodolite  ;  by  means  of  which  the  relative  dis- 
tances of  such  objects,  in  respect  to  those  main  lines,  and  also  to 
each  other,  might  be  observed,  calculated,  and  protracted,  with 
the  view  of  contributmg  to  the  Imowledge  of  the  topography  of  the 
country  in  advance  of  the  progressing  linear  surveys,  and  to  obtain 
the  elements  for  estinmling  areas  of  valleys  intervening  between 
the  spurs  of  the  mountains." 

"  Meandering"  is  a  name  given  to  the  usual  mode  of  surveying 
with  the  compass,  particularly  as  applied  to  navigable  streams. 
The  "  Instructions"  for  this  are,  in  part,  as  follon'S. 

"  Both  banks  of  navigable  rivers  are  to  be  meandei-ed  by  taking 
the  courses  and  distances  of  their  smuosities,  and  the  same  are  to 
be  entered  in  the  *  Meander  field-book.'  At  those  points  where 
either  the  township  or  section  lines  intersect  the  banks  of  a  navi- 
gable stream,  posts,  or,  where  necessary,  mouhds  of  earth  or  stone, 
(aa  noted  in  Art.  (586,))  are  to  be  established  at  the  time  of 
running  these  lines.  These  are  called  "  meander  comers ;"  and 
in  meandering  you  are  to  commence  at  one  of  those  comers  on  the 
jownship  line,  coursing  the  banks,  aad  measuring  the  distance  of 
lach  course  from  your  commencing  comer  to  the  next  '  meandei 
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corner,'  upon  the  same  or  anotlier  bounilary  of  the  same  township ; 
carefully  noting  your  iatersection  with  all  intermediate  meandet 
comers.  By  the  same  method  you  are  to  meander  the  opposite 
bank  of  the  Bame  riyer. 

The  crossing  distance  letweetb  the  meahdbr  corners,  on  same 
line,  is  to  be  ascertained  by  tiiangulatioii,  in  order  that  the  river 
may  be  protracted  with  entire  accuracy.  The  particulars  to  be 
given  in  tiie  field-notea. 

TKg  courses  and  distances  on  meanderecl  navigable  streams, 
govern  the  caleulationa  wherefrora  are  ascertained  the  true  areaa 
of  the  tracts  of  land  (sections,  quarter  aeetioos,  A.e.)  known  to  tho 
law  &s  fractional,  and  bounding  on  such  streams." 

You  are  also  to  meander,  in  manner  aforesaid,  all  lakea  and 
deep  ponds  of  the  area  of  twenty-five  acres  and  upwards ;  also 
navigable  bayous. 

The  precise  relative  position  of  islands,  in  a  township  made 
fractional  hy  the  river  in  which  the  same  are  situated,  is  to  be 
determined  trigonometrically.  Sighting  to  a  flag  or  other  fixed 
object  on  the  island,  from  a  special  and  carefully  measured  base 
line,  connected  with  the  surveyed  lines,  on  or  near  the  river  bank, 
you  are  to  form  connexion  between  the  meander  corners  on  the 
river  to  points  corresponding  thereto,  in  direct  line,  on  the  bank 
of  the  island,  and  there  establish  the  proper  meander  comers,  and 
calculate  the  distance  across." 

(565)  Marking  LJUCSi  "All  lines  on  which  are  to  be  estab- 
lished the  legal  comer  boundaries,  are  to  be  marked  after  this 
method,  via:  Those  trees  which  may  intercept  your  line,  must 
have  two  chops  or  notches  cut  on  each  side  of  them  without  any 
other  marks  whatever.  These  are  called 's^^A(fo•ees,'  ot*  line  trees.' 

A  sufficient  number  of  other  trees  standing  nearest  to  your  line, 
on  either  ^de  of  it,  are  to  be  blazed  on  two  sides,  diagonally  or 
quartering  towards  the  line,  in  order  to  render  the  line  conspicu- 
ous, and  readily  to  be  traced,  the  blazes  to  be  opposite  each  other, 
coinciding  in  direction  with  the  line  where  the  trees  stand  very 
near  it,  and  to  approach  neai-er  each  other,  the  further  the  line 
passes  from  the  hlaaed  treea.  Due  care  must  ever  be  taken  to 
have  the  lines  so  well  marked  aa  to  be  reaiJily  followed." 

(366)  Markiiig  Coriierst  "  After  a  tiiie  coursing,  and  most 
exact  measurements,  the  comer  boundary  is  the  consummation  of 
the  work,  foe  which  all  the  previous  pdns  and  expenditure  have 
been  incurred.  A  boundary  corner,  in  a  timbered  country,  is  to 
be  a  tree,  if  one  be  found  at  the  precise  spot ;  and  if  not,  a,  post  is 
to  be  planted  thereat ;  and  the  position  of  the  comer  post  is  to  be 
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mdicatecl  by  trees  adjacent,  (called  Bearing  trees)  tlse  angular 
beaiings  and  distances  of  which  from  the  corner  are  facts  to  be 
ascertained  and  registered  in  your  field  book. 

In  a,  region  where  stone  aboands,  the  comer  boundary  mil  he  a 
small  monument  of  stones  along  aide  of  a  single  marked  stone,  fur 
a  township  comer — and  a  single  stone  for  all  other  corners. 

In  a  region  where  timber  is  not  near,  nor  stone,  the  corner  will 
be  a  mound  of  earth,  of  prescribed  size,  varyhig  to  suit  the  case. 

Comers  are  to  he  fixed,  for  township  boandaiies  at  intervals  of 
every  six  miles ;  for  aeotion  bovmdanea  at  intervals  of  every  mils. 

or  80  chains ;  and,  for  quarter  section  boundaries  at  intervals  of 
everp  half  mile,  or  40  chains- 

Meander  Coamni  Posts  are  to  be  planted  at  ali  those  points 
where  the  townehip  or  section  lines  intersect  the  banks  of  such 
rivers,  lakes,  or  islands,  as  are  by  law  directed  to  be  meandered," 
aa  explained  in  Art.  (364), 

When  fOsU  ai-e  used,  their  length  and  size  must  he  proper^ 
tloned  to  the  importance  of  the  comer,  whether  township,  section, 
or  quarter-section,  the  first  being  at  least  24  inches  above  ground, 
and  3  inches  square. 

Wliere  a  township  post  is  a  corner  common  to  four  townships, 
N 
it  is  to  be  set  in  the  earth  diagonally,  thus :  w<3?B,  and  the  cardi- 
nal points  of  the  compass. are  to  be  indicated  tliereon  by  a  cross 
line,  or  wedge,  (one-eighth  of  an  inch  deep  at  least),  cut  or  sawed 
out  of  its  top,  as  in  the  figure.  On  each  surface  of  the  post  is  to 
he  marked  the  number  of  the  particular  toiraship,  and  its  range, 
which  ii  faces.  Thus,  if  the  post  be  a^common  boundary  to  four 
towiships,  say  one  and  two,  south  of  tlie  base  line,  of  range  one, 
west  of  the  meridian  ;  also  to  townships  one  and  two,  south  of  the 
base  line,  of  range  two,  west  of  the  mendiau,  it  is  to  he  marked  thus : 
The  position  of  the  post  which 
is  here  taken  as  an  example,  is 
shewn  in  the  following  diagram. 
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These  marks  are  to  be  tlistinctly  and  neatly  chiselled  into  the 
wood,  at  least  the  eighth  of  an  inch  deep  ;  and  to  be  also  marked 
mth  red  ckalh.  The  nuviber  of  the  seeUom  vrhich  they  respec- 
tively/ace,  will  also  be  marked  on  the  township  post. 

Section  or  mile  posts,  being  comers  of  sections,  when  they  are 
eommon  to  four  sectiona,  are  to  be  set  diagonal^  m  the  earth, 
(in  the  manner  provided  for  township  corner  posts),  and  with  a 
similar  cross  cnE  in  the  top,  to  indicate  the  cardinal  points  of  the 
compass ;  and  on  each  side  of  the  squared  surfaces  ia  to  be  marked 
the  appropriate  nmnber  of  the  particular  one  of  the/o«r  sections, 
respectively,  which  such  side /sees;  also  on  one  side  thereof  are  to 
be  marked  the  numbers  of  its  township  and  range  ;  and  to  make 
such  marks  yet  more  conspicuous,  (in  manner  aforesdd),  a  streak 
of  red  chalk  ia  to  be  applied. 

In  the  case  of  an  isolated  township,  subdivided  into  thirty-^ix 
sectiona,  there  are  twenty-flve  interior  sections,  the  south-west  cor- 
ner boundary  of  each  of  which  will  be  common  to  four  sections. 
On  all  the  extreme  sides  of  an  isolated  township,  the  outer  tiers  of 
sections  hare  comers  common  only  to  too  sections  then  surveyed. 
The  posts,  however,  must  be  planted  precisely  like  the  former,  but 
presenting  two  vacant  surfaces  to  receive  the  appropriate  marks 
when  the  adjacent  survey  may  be  made. 

A  quarter-section  or  half-mile  post  is  to  have  no  other  mark  on 
it  than  ^  S,,  to  indicate  what  it  stands  for. 

Township  comer  posts  are  to  be  notched  with  sio)  notches  on 
each  of  the  four  angles  of  the  squared  part  set  to  the  cardinal 
points. 

All  mile  posts  on  township  lines  must  have  as  many  notches  on 
them,  on  two  opposite  angles  thereof,  as  they  are  miles  distant 
from  the  township  corners,  respectively.  Each  of  the  posts  at  the 
corners  of  sections  in  the  interior  of  a  township  must  indicate,  by 
a  number  of  notches  on  each  of  its  four  corners  directed  to  the 
cai'dinal  points,  the  corresponding  number  of  miles  that  it  stands 
from  the  outlines  of  the  township.  The  four  sides  of  the  post  will 
indicate  the  number  of  the  section  they  respectively /^ee.  Should 
a  ti'ee  be  found  at  the  phice  of  any  comer,  it  will  be  marked  and 
notched,  as  aforesaid,  and  answer  for  the  corner  in  lieu  of  a  post; 
the  kind  of  tree  and  its  diameter  being  given  in  the  field-notes. 

Tho  position  of  all  comer  posts,  or  corner  trees  of  whatever 
description,  which  may  be  established,  is  to  be  perpetuated  in  the 
following  manner,  viz:  From  Such  post  or  tree  the  courses  shall  be 
taken,  and  the  distances  measured,  to  two  or  more  adjacent  trees, 
in  oppoate  directions,  as  nearly  as  loay  be,  which  are  caJled 
^Beanng  trees,'  and  are  to  be  blazed  near  the  ground,  with  a  large 
blaze  facing  the  post,  and  having  one  notch  in  it,  neatly  and  plainly 
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made  ivitli  an  axe,  square  across,  and  a  little  below  tlie  middle  ol 
tlie  blaze.  The  kind  of  tree  and  the  diameter  of  each  are  facts  tc 
be  distinctly  set  forth  in  the  field-book. 

On  each  beamig  tree  the  letters,  B.  T.,  must  be  distinctly  ciit 
into  the  wood,  iu  the  blaze,  a  iittle  above  the  notcli,  or  on  tlie  bark, 
with  the  number  of  the  range,  township,  and  section. 

At  all  township  corners,  and  at  all  section  comei-s,  on  ifange  or 
township  linea,  four  hearing  trees  sire  to  be  marked  in  this  manner, 
one  in  each  of  the  adjoining  seetioea. 

At  interior  section  oomera  four  trees,  one  to  stand  within  eawii 
of  the  four  sections  to  which  such  comer  is  common,  are  to  be 
marked  in  manner  aforesaid,  if  such  be  found. 

Trom  quarter  section  and  meander  comers  hro  bearing  trees 
are  to  be  miiked,  one  withm  each  of  the  adjoining  -sections 

Stones  at  township  coiners  (a  small  monument  of  icon^s  being 
alongside  theieof)  must  have  hxx  notches  cut  with  a  \  ick  oi  chisel 
on  each  edge  oi  ^de  towaida  the  cardinal  points  and  where  used 
oa  section  comers  on  the  lange  and  tOT^nship  hne^*,  or  as  section 
comers  m  the  interior  of  a  township,  thev  iviJl  also  be  mtched  by 
a  p  L-k  01  chisel  to  coiiespond  with  the  diiections  given  fii  notoh 
mg  posts  similarly  situated 

fetoneb,  when  usel  as  quaitci  i.fci  n  comei-s  will  have  \  cit 
en  them,  on  the  we  t  side  on  noitli  and  south  haes,  anl  on  the 
noith  side  on  east  and  west  hneo 

IVhenevei  bearing  tieea  are  not  ftiund,  mounds  ot  eiith,  i 
stane,  aie  to  be  laised  mound  fotts  on  wlnUi  the  corners  aie  tf 
be  marked  in  the  majiner  aforesaid.  Wherever  a  mound  of  eartli 
is  adopted,  the  same  will  present  a  conical  shape  ;  but  at  its  base, 
on  the  earth's  surftice,  a  quadrangular  trench  will  be  dug ;  a  spach 
deep  of  earth  being  thrown  up  from  the  four  sides  of  the  Ime,  out- 
side  the  trench,  so  as  to  form  a  conUmioiis  elevation  along  its  outer 
edge.  In  mounds  of  eai'th,  common  iiifour  townships  or  to  four 
sections,  tkey  will  present  the  angles  of  the  quadrangular  trench 
(diagonally)  towards  the  cardinal  points.  In  mounds  common 
only  to  two  townships  or  ttvo  sections,  the  sides  of  the  quadrangular 
trench  will /ace  the  cardinal  points. 

Prior  to  piling  up  the  earth  to  constmct  a  mound,  in  a  cavity 
formed  at  the  corner  boundary  point  is  to  be  deposited  a  stone,  or 
a  portion  of  ehareoal,  or  a  charred  stake  is  to  be  driven  twelve 
inches  down  into  such  centre  point,  to  be  ti- witness  for  the  future. 

The  surveyor  is  farther  specially  enjoined  to  plant  mi'lway 
between  each  pit  and  the  trench,  seeds  of  some  tree,  those  of  frait 
trees  adapted  to  the  climate  being  always  to  be  preferred. 

Double  corners  are  to  be  found  nowhere  except  on  the  Stantiard 
Parallels  or  Corrcotlon  lines,  whereon  are  to  appear  both  the  cor 
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nera  wMeb  mark  the  intersections  of  the  hnea  which  close  thereoH; 
and  those  from  wliieh  the  surveys  start  in  the  opposite  direction. 

The  corners  which  are  established  on  the  standard  parallel,  at 
the  tdme  of  running  it,  are  to  be  known  as  '  Standard  Comers,' 
and,  in  addition  to  all  the  ordinary  marks,  (aa  herein  prescribed), 
they  will  be  marked  with  the  letters  S.  0.  The  '  closing  eomers' 
will  be  marked  0,  C." 

(a(ST)  Field  Books.  There  should  be  several  distinct  and  sepa- 
rate field-books ;  viz. : 

"  1.  Eeld-notes  of  the  mbridiak  and  base  lines,  showiag  the 
eatabliahment  of  the  township,  section  or  mile,  and  quarter-section 
or  half-mile,  boundary  corners  thereon;  with  the  crossings  of 
streajus,  ravines,  hills,  and  moantains ;  character  of  soil,  timber, 
minerals,  &c.  These  notes  will  be  arranged,  in  seriep,  by  mile 
stations,  from  number  one  to  number . 

2.  Field-notes  of  the  '  standard  parallels,  or  correction 
lines,'  showing  the  establishment  of  the  township,  section,  and 
quarter-section  corners,  besides  exhibiting  the  topography  of  the 
country  on  hne,  as  required  on  the  base  and  meridian  lines. 

3.  Field-notes  of  the  exterior  lines  of  towkships,  showmg  tihe 
establishment  of  the  corners  on  line,  and  the  t«pography,aa  aforesaid. 

4.  Field  notes  of  the  suEDivisiONa  of  townships  into  sections 
and  quai'fcer-seetions ;  at  the  close  whereof  will  follow  the  notes  of 
the  MBANDERS  of  navigable  streams  These  notes  will  also  show, 
by  oeular  observation,  the  estimated  lise  and  fall  of  the  land  on 
the  line.  A  description  of  the  timbei,  undergroivth,  surface,  soil, 
and  minerals,  upon  each  section  hne,  is  to  follow  the  notes  thereof, 
and  not  to  be  mixed  up  with  them  ■" 

5.  The  "  Geodetjo  Field-book,"  comprising  all  triangulations, 
angles  of  elevation  and  depression,  levelling,  &c. 

The  examples  on  the  next  two  pages,  taken  from  the  "  Tnstnic- 
tions"  which  we  have  followed  throughout,  will  shew  what  is 
required, 

Tlie  ascentS'  and  descents  are  recorded  in  the  right-hand  columns, 
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PIELD  NOTES  OF 

THE   EXTEBIOB  LINES 

OF  AM  ISOLATED  TOWNSHIP. 


I  the  Tsrrilorg  o/Oreook,  ij  Sahcri  Acrct,  dejii 
'    ■  date  the  Hd  day  of  Jartit 


1 

Oh&   Iks 

fowNSHip  LINES  eommeiioed  Jaiiiiaiy  20,  1851. 
Suiiiliwii  Ixiuudaiy  variation  18=  41'  B. 

F'-eL 

1 

* 

1 

East. 

Oi]  a  random  line  on  ihesoutb  bonndariea  of  feclioiis  31,  33, 
33,  34,  3S,  and  36.     Set  tempciraiy  mile  aud  balf-niile  poata, 
aud  iiilei^eoted  the  eastern  bonndary  3  chaiuB  20  liuka  noi'tlj 
of  tliB  true  cQi-oerS  miles  74  choiua  53  links, 

Tliei-Bfoi'e  tUe   coirecliou  will  be  5  chains  47  links  W.  37.1 
links  8.  per  mile. 

1 

TuUE  SOUTHERN  BOUNDABY  variation  18°  41'  B. 

West 

On  the  southern  boundary  of  sec.  38,  Jbu.  24,  1851. 

40.00 

let  qr.  aec.  poBt  from  which 
a  beech  24  in.  dia.  bears  N.  11  E.  38  Iks.  dist 

a  10 

i 

a    do       a     do     .   do    6.    9  B.  17      do 

a  bi-ook  8  1.  wide,  course  NW 

din 

Set  jiost  cor.  of  sees,  35  &  36,  1  &  2,  from  which 

a 

1 

80.00 

a  beech    '  9  in.  dk  bears  8.  46  B.      8  1.  ili^t. 

J 

a  W.  osk  10    do         do    R  19  w!  14     do 
a  B,  oak  14    do         do    N.  29  B.    10     do 
Land  level,  part  wet  aiid  swampy;    timber  beech,  oak,  ash 

West. 

hickory,  &c. 

A 

Ou  the  S,  boundary  of  sec  35— 

\ 

40.0  U 

Set  qr,  sec.  poal,  with  trench,  fram  which 
a  beech  6  in.  dia.  bears  N.  80  E.  8  1.  dial- 
planted  SW.  a  yellow  locust  seed. 

a  id 

B?;n(i 

rabeginjiingofhill 

a    5 

1   so"o6 

Set  post,  with  trench,  cor.  of  sees.  34  &  35.  S  &  3,  from  ivhicl 
a  beech  10  in.  dio.  bears  S.  51  B.  13  ).  dist. 

a  SO. 

1 

do      10    do         do   N.  56  W.  9    do 

planted  SW.  a  white  oak  acorn. 

1 

NE.  a  beech  not. 

West, 

Land  level,  rich,  and  good  for  farming:  timber  same. 

1 

On  tlie  8.  bonndaiy  of  sec.  34— 

40.00 

Set  qr.  see.  post,  with  ti'ench,  from  which 

«    5 

a  B.  osk  10  in.  dia.  bears  N.  2  E.  635  L  dlst. 

Planted  SW.  a  beech  nut. 

s 

80.00 

To  corner  of  sections  33,  34,  3  and  4,  drove  charred  stake 

axa 

raised  mound  with  trench  as  per  iiistvactiona,  end 

Planted  NB.  a  W.  oak  ac'n ;  KW.  a  yel.  locust  seed. 

1 

SB.  abuttecnuf,  8W.  a  beech  niit 

1 

Land  level,  rich  and  good  for  farming,  some  Bcattering  oal 
and  wshmt. 
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FIELD  NOTES  OF  THE 

SUBDIVISIONAL  OR  SECTIONAL  LINES, 
AND  MEANDERS. 


TDwmhip^3N.,RangeU  W..  WiUamm  Mm 

Oha.  Iks, 

Nnvth. 
9.19 
99.97 
40.00 

51.90 
76,73 

8o:oo 

Eaat. 
9.0O 
13.00 
40.00 
55.00 
72.00 
80,00 

SuamvisioNs.     Comrfleiioed  Febraarv  1,  1851.                            ! 
Between  sees.  35  BuA  36- 

d   5 

1 

Sel  or.  sec.  post,  from  which 

a  beech  15  in.  ilia,  beovB  8.  48  E.   13  1.  dist. 
a    do      8     do        do    N.  23  W.  45    do 

d   5 

Set  a  poet  cof.  of  sees.  25,  26,  35,  38,  from  which 

a  beech  24  in.  dia.  bears  N.  62  W.  37  1.  dist 

a  poplar  36    do         do     8.  06  E.   34    do. 

a     do     20    do         do     8. 70  W.  50    do. 

a  beech  28    do         do    D.  60  B.  45    do, 
Land  level,  second  rata ;   limber  beech,  poplar,  siigar,  and 

aaJ'gi:  spice,  &c. 

d    2 

On  random  line  between  sees.  25  and  3G— 

'in 

dio 
dia 

a  10 

Land  level,  second  rale;  timber,  beech,  oak,  nsb,  &c. 

&o.,        &c.,        &e. 

Meanders  off  Chickeemis  Eiver. 


tie  left  bank  down  stream.     C/>mme»/^d  February  11,  1E51. 

™ 

Coui-ses. 

Ch3.'"kfi. 

REWAUKS, 

8.76  W 
S.  61  W 
8.61  W 

18,46 
10.00 
S,18 

10,69 
5,59 
8.46 
16,50 
21,96 
27.53 

In  section  4  beadng  to  comer  sec.  4  on  right  bank  N.  70 
I5earlng  to  cor,  sec.  4  and  5,  right  bank  N,  52°  W. 
To  post  in  line  between  aectioiia  4  and  5,  breadtii  of  rivo 
triangulation  9  chains  51  links. 

W 

by 

S.  .'!4  W 

S'.  50  W 
S.37  W 
S.  44  W 
S.  36  W 

III  section  5. 

To  upper  comer  of  John  Smith's  olaim ,  course  B . 

To  post  in  line  between  sections  5  and  8,  brcadtli  of  ri-ie 
tri angulation  8  chains  78  links. 

-5 

&e„         &c„         &c. 
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APPENDIX. 


APPENDIX    A. 


SYNOPSIS  Oi?  PIAIfE  TRIGONOMETRY* 

(1)  KelBMBiaoil.  Plane  Trigonometrj  ia  that  UtnOi  1  tl  tl  i  ti'"J 
Stienoe  which  treats  of  tlie  relations  between  the  sides  ani  ia  lea  f  jl  a  t  a 
gles.  It  teaches  how  to  find  anj  tliree  of  these  six  pm-ts  ulieii  the  other  th  ea 
are  giren  and  one  of  them,  at  least,  is  a  side. 

(S)  Angles  smtl  Arcs.  The  angles  of  a  tj-iangle  ara  meaamed  by  the 
arcs  described,  with  aoyradiua,  from  the  angular  polDts  as  eentres,  and  inteioepied 
between  the  legs  of  the  angles.  These  ares  are  measured  by  eompMing  them  with 
an  entire  oiroumferBQce,  described  witli  the  same  radius.  Every  e  reumfereuee  J^ 
regarded  as  being  divided  into  360  eijiial  parte,  called  degreei.  Each  dsgree  is  di 
vided  mlo  60  equal  parts,  called  ndrmtes,  and  each  minute  into  60  m.onds  These 
divisions  are  indicated  by  the  marks  "  '  ".  Thus  28  degrees  ll  mmntee  and  49 
seconds,  are  written  28°  17'  49".  Fractions  of  a  aecotld  are  best  espreesed  deci 
mally.  An  ai'<^  including  a  quarter  of  a  circumference  and  measuring  a  right 
angle,  is  therefore  90°.  A  semieiroumference  jiompriaaa  1B0°.  It  is  cfteo  repre- 
Banted  by  IT,  which  equals  3.14169,  &o.,  or  S?  approsimately,  the  radius  being  unity. 

The  length  of  1°  in  parte  of  radius  =  0.01745329  ;  that  of  1'=  O.i 
that  of  1"=:0.0000048S. 

The  length  of  the  radiua  of  a  circle  in  degrees,  or  i 
=  S'I°.29078  =  67".  17'  24".8  =  S43'7'.'747  =  206264".8,t 

An  arc  may  be  regarded  as  generated  bj  a  point,  M, 
moving  from  en  ori^n.  A,  around  a  circle,  in  the  direction 
of  the  arrow.  Tlie  point  may  thu«  describe  arcs  of  any 
lengths,  such  as  AM ;  AB=  90°  =i  » ;  ABC  =  130°  =  ^ ; 
ABOD  =  270°  =1  IT ;  ABCDA  =s  860°  =2^. 

The  point  may  atill  continue  its  motion,  and  generate   ' 
arcs  greater  than  a  oiroumferenoe,  or  tban  two  circum- 
ferences, or  tlian  three ;  oc  even  infinite  in  length. 

"While  the  point,  M,  describes  these  arcs,  the  radius, 
OM,  indefinitely  produced,  generates  corresponding  angles. 


3  of  the  circumference 


aa  (1),  (2X  (S\  (6),  (6), 


jn  divided  by  the  lengtii  of  the  a 


.0),  Ctl),  <ind(l!!l,  atBMoaed. 
i  aecoQd ;  or  multiplied  hy  tt 
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I£  the  point,  M,  should  move  from  the  origin,  A,  in  the  contrnry  direction  to  its 
former  movemeat,  the  area  generated  by  it  afe  regarded  as  nfgatiae,  or  minus ; 
and  so  U>o,  of  neoesBity,  the  angles  meaaured  by  the  ares. 

Arcs  aad  angles  may  therefore  vaiy  in  length  from  0  to  +  oo  in  oae  direction, 
and  from  0  to  —  n  in  the  contrary  du'eotjoi:. 

The  Qompl&iisnt  of  an  arc  ia  the  arc  which  would  remain  after  aubtracWng  the 
arc  from  a  quarter  of  the  circumference,  or  from  90".  If  the  are  ba  more  than  BO", 
its  complement  is  neceeearily  negative. 

The  Svpplemfnl  of  an  arc  ie  what  would  remain  after  subtracting  it  from  half 
tha  ciroumference,  or  from  IBO".  If  the  aic  be  more  than  180°,  its  supplement 
19  n^oesgarily  negative. 

(3)  TS^igODBOmelricnl  I.incs.  The  relations  of  the  sides  of  a  triiuigto 
to  its  angles  are  what  is  recjviired ;  but  it  is- more  convenient  to  replace  the  angles 
by  arcs  ;  and,  ones  more,  to  replace  the  arcs  by  certain  straight  linffs  depending 
upon  them,  aud  increasing  and  decreasing  with  them,  or  conversely,  ia  suoh  a  way 
thut  the  length  of  the  lines  can  be  found  from  that  of  the  an^a,  and  vice  vers^  It 
ia  with  these  linea  that  the  aidea  of  a  triangle  are  compared.*  These  lioea  are 
culled  SViffononielrieal  Iiines  ;  or  Circular  Ftittdions,  because  their  length  is  a  func- 
tion of  that  of  the  circular  arcs.  The  principal  Trigonometrical  liuea  are  Sines, 
Tangents,  and  Secants.    Chords  and  versed  sines  are  also  used. 

The  SINE  of  an  arc,  AM,  is  the  perpendicular, 
MP,  let  fall,  from  one  estremity  ot  the  ai'c,  upon 
the  diameter  which  pasaes  through  the  other  ex- 


Tlie  TUvGE'JT  of  an  arc  All,  is  the  distani^e, 
AT  mtercej  te  1.  on  the  tangent  drawn  at  one 
BS-tiemity  of  the  arc,  between  that  extremity 
and  the  prolongation  of  the  radius  which  passes 
through  the  other  exti  emity 

Tl  e  SLCAM  of  an  arc  AM  is  the  parl^  OT, 
of  tlie  prolongei  ladina  compii9ed  between  the 
oentte  and  the  tangent 

The  8  ne  tangent  and  secant  of  the  complement  of  an  arc  are  called  the  Co- 
giN^  Co-iAKQK\r,  and  Co-beoakt  of  that  arc.  Thus,  MQ  is  the  cosine  of  AM,  ES 
ife  cotangent,  and  OS  its  eoseoant.  The  cosine  MQ  ia  equal  to  OP,  the  part  of  the 
radiuB  comprised  between  the  centre  and  the  foot  of  the  sine. 

Tiie  chord  of  an  arc  is  equal  to  twice  the  sine  of  half  that  arc 

The  versed-sine  of  an  ai'c,  AM,  is  the  distance,  AP,  comprised  between  the  origin 
of  the  arc  and  the  foot  of  tha  wne.  It  is  consequently  equal  to  the  difference  be- 
tween the  radius  and  the  sine. 

The  Trigonometrical  lines  are  usually  written  in  an  abbreviated  form.     Calling 


Iheaj 


'4M  = 


MP  = 
MQ=: 


AT  =  tan.  a, 
BS  =  cot.  a. 


0T  = 
0S  = 


iriod  after  ein,  tan.,  &c.,  indicating  abbreviation,  is 
cs  whose  sines,  tangents,  Ac,  are  equal  to  a  line  = 

tan.     'a,  or  arc{tan.^tt);  etc. 


laophjr  of 


s,"  (Uarj 
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(■I)  The  lines  ns  raliss.    Tlia  rntiog 

belween  tlie  trigonometrical  lines  and  the  rndiua 
Bia  the  hame  for  tlio  sama  angles,  or  Dumbar  of 
degrees  m  an  are,  whatever  the  length  of  ',he  ra- 
dius or  SIC  Consequently',  radius  being  unity, 
these  lines  maj  ba  ekpressed  as  simple  ratios. 
Thus,  in  the  right-angled  triangle  ABO,  we 
would  bare 

opposite  side  , 

hjpoUiennse  ' 
_  opposite  side 

adjacent  side' 


b1o.A  = 


_AB_  hypothei 


AC       adjacent  si 


A 

c 

AC 

adjacent  side 

Lypothenase ' 

_AC 
"BC~ 

adjacent  side 
opposite  side ' 

AB 

hypothenuse 

BG        opposite  side' 


Wben  the  radius  of  the  arcs  which  measure  the  angles  is  unity,  these  ratios  may 
be  used  for  the  lines.  If  the  radius  be  any  other  length,  the  results  which  have 
been  obtained  by  the  above  supposition,  must  be  modified  by  dividing  each  of  the 
trigonometrioal  Ihies  in  the  result  by  radius,  and  thus  rendering  tlie  equations  oi 
the  results  "  homogeneous."  The  same  effect  would  ba  produced  by  multiplying 
each  term  in  the  expression  by  such  a  power  of  raillu*  as  would  malie  it  contain  a 
number  of  linear  factors  equal  to  the  greatest  number  in  any  term.  The  radius 
is  usually  represented  by  r,  or  E. 

(5)  XSteir   vanations  in  I«n^lJi.    As  tlie  point  M  moves  around 
the  drole,  and  the  arc  thus  increases,  the  sines,  tangents,  and  secanls,  starting 
from  zero,  also  increase ;  fill,  when  the 
point  M  has  arrived  at  B,  and  the  arc  has  ^ig,  400. 

become  90°,  the  sine  has  become  equol  to    S' 

radius,  or  unity,  and  the  tangent  and  se- 
cant have  become  infinite.  The  comple- 
mentary lines  have  decreased ;  the  co- 
sine being  equal  to  radius  or  unity  at 
starling  and  becoming  zero,  and  the  co- 
tangent and  cosecant  passing  from  infin- 
ity to  zero.  When  the  point  M  has 
passed  the  first  quadrant  at  B  and  is 
proceeding  towards  0,  the  sines,  tan- 
gents, and  secanta  begin  to  decrease,  till, 
when  the  point  has  reached  0,  they  have 
the  same  values  as  at  A.  Tliey  then  begin  to  ii 
Table  on  page  382  indicates  these  Tai'iationa. 

The  sices  and  tangents  of  Tery  small  arcs  may  ha  regarded  as  sensibly  propor- 
tional to  lie  arcs  themselves;  so  that  for  ain,  a",  we  may  write  «.  sin.  1"  ;  and 
Bimilarly.  though  less  accurately,  for  sin.  a',  we  may  write  a .  sin,  I'. 

The  sines  and  tangents  of  very  small  aros  may  similarly  be  regarded  as  sensibly 
of  the  same  length  as  the  arcs  themselves.* 


again,  and  so  c 


™tir.  th 


i  of  radius,  j^adiua  being  unity,  Is 
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o  being  tlia  lengtli  of  any  ara  espressei 
d  cosine  maj  bo  obtained  by  the  follon 


I  of  radius,  tlio  Icnjjtlia  of  iti 


jT  +,  etft 


Substituting  tliis  number  for  o, 

(.6336)' 


oos.«  =  l_-  +  ^-^-^-_+,eto. 
required  to  find  ooa.  30°,  by  tlie  above  serioa. 

3,  taking  onlj  tliree  terms  of  it, 

ii  -,  etc.  =  1  -(O-laTOlB  +  0.003130  ■-=  .866052  ; 

■which  ia  the  correct  valua  of  ooa,  30°  for  the  first  four  pkcea  of  decitnala. 

The  lengths  of  tha  ofier  lines  can  be  obtained  from  the  mutual  relations  ^yen 
in  Art.  (7.)     Some  particular  valuoa  are  given  below. 

Bin.  80°  =  i.  ijn.  4g'  =  Jv'a-  Bin.   60°  =  Jv'3. 

tan.  30°  =  l^S.  tan.  45°  =  l.  tan,  GO"  =  v/3. 

sea  80°  =  1^3.  eec,  45°  =^3.  sec  60°  =  2. 

{&)  ^Saeir  cHiasig'es  of  SSBM.  Lines  meaaured  in  contrary  directions 
from  a  common  origin,  uanally  receive  contrary  aJgebraic  signs.  If  then  all  the 
liuea  ia  (he  first  quadrant  are  called  positive,  their  signs  will  change  in  soma  ci 
the  other  quadrants.  Thua  the  nines  in,  the  firat  quadrant  being  ail  meaBured  up- 
ward, ■when  they  ara  measured  downward,  as  they  are  in  the  third  and  fourth 
quadranta,  they  will  be  negative.  The  eosims  in  the  first  quadrant  are  meaa- 
ured  from  left  to  right,  and  whea  they  are  measured  from  right  to  left,  aa  in  the 
second  and  third  quadrants,  they  will  be  "         ~ 

low  similar  rules. 

The  variationa  in  length  and  the  el 
ing  table,  radiua  being  unity,     The  terms  " 
the  lengths  of  the  hnea  without  any  reference  to  tlieb'  aigns. 

Leiatli       i  Starts  of  the  TrigoiKuneti-ical  Lines  far  Arcs  from  0°  i 


ve.    The  tangents  i 


a  of  sign  are  all  indicated  in  the  follow- 
iing"  and  "decreafling"  apply  to 


A.. 

oo 

Eet...„Op»„dm 

90O 

Between  BOO  andlSOO, 

m- 

T^gent 
9ecant 

Cotacs  nt 
Ooec    t 

0 

0 

+1 

+  1 

+,  and  increasmg, 
+,  and  increasing, 
+,  and  decreasing, 
-f",  and  decreaaing, 
-(-,  and  decreasing. 

+1 
±« 

±00 

0 

0 

+1 

-|-,  and  decreasing, 
— ,  and  decreasing, 
— ,  and  decreasing, 
-,  and  increasing, 
— ,  and  increasing, 
+,  imd  increasing. 

■0 
0 

-1 
-1 
=F» 
±-» 

Arcs. 

1800 

Between  180°  sad  270O. 

STOO 

Between  BIOO  sua  3603. 

350= 

Tangent 
seca  t 
C      e 
Cot         nt 

C        a  t 

0 

-,  and  increasing, 

+,  and  deci-casiDg, 
— ,  and  deci'easiog. 

-1 

±» 

0 

0 

— ,  and  decreaaing, 

+,  and  dscrensing, 
-[-,  and  increasing, 
— ,  and  iaateasing, 
-.and  increasing. 

0 
0 

+1 
+1 
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From  OAs  table,  and  Fig.  400,  we  see  ihat  an  are  aiid  its  suppler-tent  hnre  ilie 
same  sine ;  and  that  their  tangents,  secanta,  cosines,  and  cotangenta  are  of  equal 
length  but  of  contrary  fiigiis;  while  the  cogecanta  are  the  eame  in  both  Isiiatli 
and  sign, 

We  also  deduce  from  tlie  figure  tho  following  eonseqaencea : 

tan.  (o°+  180°)  =  tan.  a".  cot.  (a°-|-  180°)  =  cot.  a', 

set  (n°+  180°)  =-9eo.  a°.        cosec  (a'>+  180°)  =-eoaeo.  n°. 


An  infinite  number  of  arcs  have  flie  same  trigonometrical  lines ;  for,  an  arc  a, 
the  same  arc  plus  a  circumference,  the  aame  are  pins  two  circumfereneea,  and  so 
on,  would  have  the  aame  eiae,  Ac. 

"To  bring  baek  to  tfce  first  quadrant"  the  trigonometrical  lines  of  any  large  arc, 
proceed  thuas  Let  1038°  be  an.  ai'o  the  sine  of  which  ia  desiced,  Tate  from  it  aa 
many  times  860°  aa  poa^ble.  The  remainder  will  be  309°.  Then  we  shall  have 
Bia309''=3in.(l30°  — 309°)=sin.— 129''=-sin.l!9°=-sin,{180°— "9°)=— sin.51" 

(?)  Tliesr  nitltMal  relatioms.    Radius  being  unity, 


tan,  «°  Xcot.  a"  =  1.  (sin.  a°)'  +  (cos.  a°)'  =  1.* 

1  +  (tan.  u'f  =(sec  a'f.         1  +  (cot  a°)'  ={coaeo.  a°>=. 
Hence,  any  one  of  the  trigonometrical  lines  being  given,  the  rest  can  be  found 
from  Btimo  of  these  equations. 

(S)  Two  a.l"cs.     Let  a  and  b  represent  any  two  arcs,  a  being  Uie  greater 
Tlieu  the  following  formulas  apply: 

Bin.  (a  +  fi)  =  sin.  <t .  COS.  i  4-  cos.  a .  sin.  I. 

COS.  («  +  5)  =  COS.  a .  COS.  i  -  sin.  a .  sin.  J.' 
COS.  (a-  i)  =cos,  o.  COS.  i  +  sin.  «.  sin.  b. 

taa{a+6)        '""  "■^*°" 
tan.  (a  —  b) 
cot.  («  +  *)  = 

*  ITiB  square,  fco.,  of  tha  slna,  &c..  of  an  tan,  is  often  eipretsed  ty  plnoine  tbc  e 
lbs  abSretiallnn  of  the  Enmo  nf  the  trisonnmetrioal  line  nnd  the  imuibw  of  ibo  a 
•hns,  Bin.'  a",  tsn.'  a°,  &a.  But  tbe  notation  given  shove,  plauea  Ilia  indei  it 
lalnobre,  Artr^asr,  &c.,  titougli  tha  flrat  two  omit  tke  pansntheses. 


tan. 

0-tl 

tan.S 

1  +  1 

:aii.  o. 

tan.  V 

cot,  , 

I.  cot. 

6-1 

cot. 

6  +  c, 

It.  a. 

cot. 

.,cot. 

J  +  l 
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Q,  i=J. 

„(„_5)_1 

oa. 

.  +  «. 

8.6=*. « 

„(.  +  i)  +  l 

03. 

.-«. 

ys.b  =  i.i 

..(•+i)  +  t 

D. 

.-61. 

».(.  +  ()-* 

.-it 

n.S  =  28i 

^  *(a  +  6)eo3 

i 

.-61. 

M.i  =  ac( 

»  1  (.  +  *)■». 

I 

«-6|. 

n.i  =  28i 

I.  J(.-i)co. 

+ 

.+  61. 

9.0=23 

..J  («-»)«» 

i 

.  +  t> 

cut,  6  +  <;(it,a=- 


6)D.   {«  -  4} 

COS.  a  .  «05.  6 
Bin.  (a  +  b) 

eia  («  -  &) 

tan.  B  o  ^  ,— 


a)'  -  (sin.  „)'  =  3  (CP5.  a)'  -  1  =  1  -  3  (ain.  a)'. 


_  (cot,  af 


tt)'      {«ot,ar- 


cot.  ii 


(10)  TrBgomOBifflcSricaS  'jTabBcs.  In  tlia  usual  tables  of  the  naturfll 
Trigonometrical  lines,  the  degi'eea  from  0°  to  45°  are  found  at  the  top  of  the  table, 
and  thosa  from  45"  to  90°  at  tbe  bottom ;  tha  latter  being  complementa  of  tha 
former.  Consequently,  the  columns  which  have  Sine  and  Tangent  at  top  have 
Cosine  and  Cotangent  at  bottom,  eioce  tlie  cosma  or  cotangent  of  any  are  is  the 
same  thing  as  the  ama  or  tangent  of  its  complement.  The  minutes  to  ba  added 
to  the  degrees  are  found  in  the  left-hand  column,  when  the  number  of  degrees  at 
the  top  of  the  page  are  used,  and  in  tlie  right-hand  column  for  the  degrees  when 
at  the  bottom  of  the  page,  Tlie  linea  for  ai-os  inteiinediate  between  thoas  in  iha 
tables  are  found  by  pEoportion,  Tlie  linea  are  calculated  for  a  radiua  equal  unity. 
Hence,  tbe  values  of  the  Binee  and  cosines  are  decimal  fractions,  though  the  point 
is  usually  omitted.  So  too  are  tha  tangents  from  0°  to  45°,  and  the  ootangenfa 
fi'om  80°  to  45°.     Eejond  tliose  points  they  are  integers  and  deoimala. 

The  calculations,  like  all  others  involving  large  numbers,  we  shortened  by  the 
ase  of  logarithms,  which  substitute  addition  and  subtraction  for  multiplication  and 
division;  but  the  young  student  should  avoid  the  frequent  error  of  regarding  loga 
rilbms  as  a  necessary  part  of  tvigonometiy. 
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TRIGONOMETKV. 


SOLUTION  OF  TEUNGLES. 

(11)    KigM-KiBEg-lcd    Triangles.      Let 

ABC  be  Hny  right-angled  triangle.  Denote  the 
ddes  opposite  tha  angles  by  the  correaponiling  etaall 
letters.  Then  any  one  side  and  one  acute  angle,  or 
any  two  aides  being  given,  the  other  parts  can  be  ob- 
tained by  one  of  the  followlos;  equations: 


Given, 

Btqulreil. 

Forinuh. 

a.   b 

c,  A,  B 

c  ^^(a'  +  b') ;  tan.  A  =  ^  ;  cot.  B  =  ^. 

a,  c 

S,   A,  B 

5=Vt='-a');.in.  A  =  ^;  co9.B  =  ^. 

a,  A 

b,  c,    B 

*  =  c.cot.A;  e  =  -r^;  B  =  SO°— A, 

6,  A 

tt,  c,    B 

a=:6,tan.A;  c  =  — ^;  B  =  30°  — A 

c,  A 

a,  b,    B 

o  =  o.6;u.  A;  b  =  cco^.A;  E=eO°  — A 

(12)  ObliQue-amgled  Trian- 
gles. Let  ABC  be  any  oblique-angled 
triangle,  the  angles  aud  eidea  being  noted 
aa  in  the  figui-e.  Then  any  tlireo  of  its  bix 
parts  being  given,  and  one  of  them  being  a 

side,  the  other  parts  can  be  obtained  by  one        

ot  the  following  methods,  which  are  found-  0 

ed  on  theee  three  theorems. 

Theokek  I. — In  every  plane  triangle,  the  $mes  of  the  angles  are  to  each  other  m 
the  opposite  sides, 

Theoreu  n, — 7n  eaery  plane  iriaagle,  the  sum  of  tmo  sides  is  to  their  difference 
as  the  tangent  of  haZf  the  man  of  the  angles  opposite  those  sides  is  to  the  tangent  af 
half  their  differenee, 

THEoaEM  IIL — Jm  ever;/  plane  triangle,  the  cosine  of  any  angle  is  equal  to  a  frac- 
tion mhose  nmneralor  it  the  turn  of  the  squares  of  the  aides  u^aeent  to  the  angle,  mi- 
nus t?ie  square  of  the  side  oppomte  to  the  angle,  and  whose  denominator  is  Imiee  Iht 
product  of  IM  sirfes  adjacent  to  the  angle. 

All  the  easea  for  solution  which  can  occur,  may  be  reduced  to  four. 

Case  i. — Given  a  side  and  two  angles.  The  third  angle  is  obtained  by  subtract- 
ing the  sam  of  the  two  given  angles  from  180°.  Then  either  unknown  side  can  be 
obtained  by  Theorem  I. 

Calling  the  given  aide  a,  we  haye  b 


sin.  A' 


25 
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Case  2. — Giaen  two  sides  and  an  angle  opposite  ons  of  iheni.  The  angle  oppi> 
Bite  Ihe  other  girea  side  ia  found  by  Theorem  I.  The  third  angle  is  obtained  by 
subtracting  the  Bum  of  the  other  two  from  180°.  The  remaining  eide  is  then  ob- 
tained bj  Theorem  L 

Calling  the  given  aides  oand  i,  and  the  given  angle  A,  wo  have  sin.  B  =  eiu.  A.  — 

Since  an  angle  and  its  eupplenient  have  the  same  sine,  the  result  is  ambiguous; 
fop  the  angle  B  may  have  either  of  the  two  supplementary  values  indicated  by 
the  sine,  if  i  >  a,  and  A  ia  an  acute  angle. 

■0  =  180°  — (A+B).         '     ■'  =  «™-'3^^- 

Cabb  S. — CHiien  two  sides  and  tliiir  incliidfd  angle.  Applying  Tbeorem  II.  (ob- 
buning  the  sum  of  the  angles  opposite  the  giYen  sides  by  subtracting  the  giren 
included  angle  from  180*),  we  obtain  the  difference  of  the  unknown  anglea.  Add- 
ing this  to  their  sum  we  obtain  the  greater  angle,  and  subtracting  it  from  their 
sum  we  get  the  less.     Then  Theorem  I  will  give  tlie  remaining  ade. 

Calling  the  given  sides  a  and  i,,  and  the  included  angle  C,  we  have 
A  +  2  =  180°  — C.    Then 

tan.  i  (A-B}  =  tan,  i  (A  +  B) .  2^* 
i(A  +  B)-ti(A  — B)  =  A.        i(A  +  B)  — 4{A-B)  =  E.         (  =  a^^. 

Itt  the  first  equation  eot.  i  C  may  be  used  in  the  plaee  of  tM.  i  (A  +  B). 

Case  4. — Oiven  the  tliree  sides,  let  a  repreaent  half  the  sura  of  the  three  sides 
=  i  (a  +  6  +  c).  Then  nny  angle,  aa  A,  may  be  obtained  from  either  of  the  fol- 
lowing formulas,  founded  en  Tlieoreni  III,; 

""■  ^-  "»; 


The  first  formula  should  be  used  when  A  <  80°,  and  the  second  when  A  >  90°, 
The  third  should  not  be  used  when  A  ia  nearly  180'  ;  nor  the  fourth  whai  A  is 
nearly  90°;  nor  the  fifth  when  A  is  yery  small.  The  third  is  the  i 
whec  all  the  angles  ore  required. 


Hosted  by 


Google 


APPENDIX    B. 


5.  408. 


DEMOHSTRATIONS  OF  PROBLEMS,  ETC. 

Maky  of  the  problems,  &o,,  contaiaed  in  the  preceding  pagea,  reqiiii-e  Domooatra- 
tions.  These  ■will  be  given  here,  and  will  be  deeignnted  by  the  same  numberB  ns 
those  of  the  Articles  to  which  thej  refer, 

Ab  maiij-  of  these  DemoDStrattona  involve  the  beautifal  Theory  of  Tranaverefils, 
Ac,  which  haa  not  yet  found  its  way  into  onr  Geometries,  a  coadecsed  sunimary 
of  its  principal  TbeDrema  will  first  be  givea. 

TEA3SVERSALS. 

Theobem  I, — If  a  straight  line  be  drawn  so  as  to  cut  any  two  sides  nf  a  triangle, 

aiui  the  third  side  prolonged,  Otas  dividing  them  into  si«  parte  (the  prolonged  side 

and  ill  prolongation  being  ttiio  of  tlie  parts),  then  will  the  product  of  oni/  three  of 

those  parts,  viliose  extremities  are  not  eontignous,  eqjial  the  product  of  the  other  three 

That  is,  ill  Fig.  403,  ABO  being  the  triangle,  and 
DF  the  TraoBversal,  BExADxCF=EAxDOxBF. 

3b  prove  this,  from  E  draw  EG,  parflllel  to  CA. 
From  the  similar  triangles  BEG  and  AED,  we  have 
BG:BE;:  AD:  AE,  Prom  the  aimila:'  triangles 
BFG  and  CFD,  we  have  CD  :  CP  : ;  EG  r  BF. 
Multiplying  these  proporfiona  tj^ether,  we  h9,ve 
BGXCD  :  BEXCP  : :  ADXBG  :  AEXBF.  Malti- 
plying  extremes  and  means,  and  auppresslng  the 
BEXADX0F  =  EAXD0XBF. 

If  the  TraasTersal  passes  entirely  out- 
eide  of  the  triangle,  and  cuta  the  prolonga- 
tions of  all  three  aides,  as  in  Fig.  404,  the 
theorem  stjll  holds  good.  The  same  dem- 
onstration applies  without  any  chaise.* 

Theorem  IL— Conversely :  If  three  points 
be  iahen  on  two  sides  of  a  triangle,  and  on 
t/ie  third  side  prolonged,  or  on  the  prolon- 
gatiom  of  the  three  sides,  dividing  them 
into  six  parts,  such  tlvU  the  product  of 
three  non-eonaeciilitie  parts  eqmls  the  prod- 
\Kt  ef  the  other  three  parts  ;  then  will  these  three  points 

This  Tlieorem  is  proved  by  a  Itedactio  ad  abswdum. 


*  This  Theorem  la 
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388  TRANSVERSALS. 

Teeosem  in.— I/from  the  summils  of  a  tnangle,  lines 
he  driBm,  to  a  point  siiwUed  either,  mitlim  or  tcithout  the 
trianffle,  and  prolonged  to  meet  the  sides  of  the  triangle, 
or  their  prolongations,  thw  dividing  them 
then  mil  the  frodvet  of  any  thret 
equal  to  the  product  of  the  other  three  p< 

Tliat  ia,  in  Mg.  40B,  or  Fig.  406, 

AE  X.BFX  CD  =  EB  X  FO  X 

For,  the  triangle  ABE"  being  cut  by 
the  transversal  EC,  giyes  the  relation 


(Theo 


I.). 


AEXB0XFP  =  EBXFCXPA. 

The   triangle  ACF,  being  cut  by  tli( 
tranaversal  DB,  givea 

DO  X  FB  X  PA  =  AD  X  CB  X  FP. 

Multiplying  tlieae  e<iuati< 
and  suppressing  the  com 
PA,  CB,  and  FF,  we  have  AE  X  BF 

Theoeeu  IV,— Cnnyersely :  ^  three  poinU  are  situated  on  tha  three  aides  of  a  tri- 
angle, or  on  their  prolongations  {Hther  one,  or  three,  of  these  points  being  on  the  tides), 
so  that  they  divide  thets  lines  in  each  a  may  that  the  product  of  any  three  non-can 
secutive  parts  equals  theproduet  of  the  other  three  parts,  then  mil  lines  drmm  from 
these  points  to  the  opposite  angles  meet  in  the  same  point. 

This  Theorem  can  be  demonstrated  by  a  £eductio  ad  aiswdum. 


B  X  FO  X  DA, 


COnOLiARIES  C 


Cor,  l.—The  MEDIANS  of  a  triangle  (L  . 
the  middles  of  the  opposite  aides)  meet  in  t'l 

For,  supposing,  ia  Fig,  405,  the  points  D, 
the  products  of  the  n 


tliQ  lines  drawn  from  its  summits  to 

and  F  to  be  the  middles  of  the  sides, 
11  be  equal,  i,  e.,  AE  X  BF  X  CD  = 


DAXEBXFO;  since  AE=EB,  BF=FO,  CD  =  DA.    Then  Theorem  IV.  applies. 
CoE.  2.— T/(«  BISSECTHIOES  of  a  triangle  {L  e.,  the  lines  bisecting  its  angles) 


For,  in  Fi^,  405,  aupposiug  Uie  lines  AF,  ED,  CE  to  be  Bisseotrioes,  n 
(LegendrelV.  n): 


BF :  FG  ; ;  AB  :  AC,  ) 
CD:DA::BO:BA,  \ 
AE:EB:;  CA:  CB,  ) 


(BFX  AC=FCX  AB, 
J  CDXBA  =  DAXB0, 
(AEXCB  =  EB  XCA. 


Multiplying  these  equations  together,  and  omitting  the  common  factors,  we  liav« 
BF  X  CD  X  AE  =  PC  X  DA  X  EB.    Then  Theorem  IV.  applies. 
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TRAHSTEKSALS. 


Cor.  S.~-T}te  ALTITUDES  of  a  triangle  (L  e.,  the  linjs  arawn  fi-oai  its  eummita 
perpandiouliir  to  tb«  opposite  sides)  meet  in  the  same  point. 

For,  in  Fig.  405,  supposing  the  lines  AF,  BD,  and  CE,  to  be  Altitudes,  we  lia\a 
three  pah'a  of  similar  triangles,  BCD  and  PCA,  CAE  and  DAB,  ABl?  and  EEC,  by 
comparing  which  we  obtain  relations  from  which  it  is  easy  tfl  deduce  BFxCDXAE 
=  EBXFCXDA;  and  then  Theorem  IV.  again  applies. 

OoE.  i.—If,  in  Fig.  405,  or  Fiy.  406,  the  point  F  5a  intot  in  the  middle  of  EC, 
then  will  the  lins  ED  he  parallel  to  BO. 

Tor,  since  BF = FO.  the  equation  of  Theorein  III.  reduces  to  AE  X  OD=EB  X  DA ; 
wiieflce  AE :  EB  : :  AD  :  DC  ■  consequently  ED  is  parollel  to  BC, 

CoR.  6.— Convej-sely  :  ^  EI  Je  parallel  to  BC,  Iben  is  BF  =  FC. 

lor.  since  AE  :  EB  : :  AD  :  DC,  we  have  AE  X  DC  =  EB  X  AD ;  whence,  in  the 
equation  of  Theorem  III.,  we  must  have  BF  =  FC. 

Cob.  6. — From  tlie  preceding  Corollary,  we  deriye  the  following ; 

If  two  sides  of  a  iTiangle  are  dimded  proportionally,  pj^  ^d^ 

starting  from  the  same  summit,  as  A,  and  lines  are  dravm  A 

from  the  extremities  of  the  third  side  to  the  points  of  divi- 
sion, the  intersections  of  the  corre^ending  lines  mil  <dl  tie 
in  the  same  straight  line  joining  the  s%tmmit  A,  and  the 
middle  of  the  base. 

CoR.  7. — A  particular  case  of  the  preceding  corollary 
is  this !  J 

In,  any  trapeioid,  the  straight  lin^  vihieh  Joins  the  inter- 
section of  the  diagonals  and  the  poitU  of  meeting  of  the  non-parallel  sides  produced, 
passes  throagh  (lie  midMe  of  l/is  two  parallel  bases. 

Cob.  8. — If  the  three  lines  dravtn  through  the  corresponding  sammitt  oftmo  trian- 
gles cut  each  other  in  the  saim  point,  then  the  three  points  in  which  the  eorresponding 
sides,  produced  if  necessary,  will  meet,  are  situated  in  the  same  straight  line. 

This  corollary  may  be  otherwise  eEunoiftted,  thus : 

If  two  triangles  hose  their  summits  situated,  two  and  two,  on  three  lines  which 
meet  in  the  same  point,  ilien,  &e. 

This  ia  proTed  by  obtaining  by  Theorem  1  three  equaUons,  -whioli,  beicg  multi- 
plied together,  and  the  sis  common  factors  caocelled,  give  an  equation  to  w]iich 
Theorem  II.  applies. 

Triangles  thus  aituatcd  are  called  horaologic;  the  common  point  of  meeting  of 
the  liaea  passing  throagh  their  summits  is  called  the  cmdre  of  liomalogy ;  and  th* 
iine  on  which  the  sides  meet,  the  axis  of  homology. 


Hosted  by 


Google 


HARMONIC  DIVISION. 


[app.  b. 


JIARMONIO   DIVISION. 

Dehnitions. — A  straight  line,  AB,  is  said  to  Fig-  *09, 

be  liarmoaicaili/  divided  at  the  points  C  and  D,   I 1- — 1 j 

when  these  points  determine  two  additive  seg-  ^  C       B  D 

menls,  AC,  BC,  and  two  sobtraotive  segment^  AD,  BD,  proportional  to  one  ao- 
ctiier ;  eo  tbat  AC ;  BC  : :  AD  :  BD,  It  will  be  seen  that  AO  miiet  ha  more  than 
BO.  since  AD  ia  mope  than  BD* 

This  relation  maj  be  otherwise  expressed,  thus;  tie  product  of  the  whole  line 
by  the  middle  part  equala  the  product  of  the  extreme  parts. 

Eeeipvocally,  the  line  DC  is  lianuonioally  divided  at  thepoint3,B  and  A;  since 
the  preceding  proportion  may  be  written  DB :  CB : :  DA :  CA. 

The  four  points,  A,  B,  C,  D,  ara  ealled  harntonios.  Tlie  points  C  and  D  arc  called 
harmonic  conj-agates.     S6  are  the  points  A  and  B. 

Wlien  a  straight  line,  as  AB,  is  divided  harmonically,  its  half  ia  a  laeati  propor- 
tional between  the  distance  from  the  middle  of  the  line  to  the  two  points,  C  and  D, 
which  diTide  it  harmonically. 

If,  from  any  point,  O,  lines  be  drawn  so  as  to  ^ig-  ^^' 

divide  a  line  harmoDically,  these  lines  are  called 
an  harmonic  pencil.  The  four  linea  which  com- 
pose it,  OA,  OC,  OB,  OD.  m  the  fignre,  are 
called  its  radii,  and  the  purs  which  pass  through 
the  conjugate  pomta  are  called  conjugate  radii, 

Theobem  T. — In  oiij  harmonic  pencil,  a  line  drawn  parallel  to  any  niis  qf  the 
radii,  ia  divided  hy  the  three  olher  radii  into  tvio  equal  parts. 

Let  EF  be  the  line,  drawn  parallel  to  Flj.  410. 

OA.    Through  B  draw  GE,  also  parallel 
to  OA.     We  have, 

6B:0A::BD:AD;  and 
BH:OA::BC  :  AC. 


Bat,  by  hypothesis,  AC :  EC  : :  AD  :  BD. 
Hence,  the  first  two  proportions  rednee  to 
aB  =  BH;  and  consequently,  EK  =  KF. 

The  Reciproaal  is  also  true ;  L  e., 

Iffoof  lines  radiating  from  a  point  are  such  tlmt  a  line  (frown  parallel  io  one  of 
theia  ia  divided  into  two  egnal  pm-ts  by  the  other  three,  the  four  Hnetform  an  har- 
moniepsncil. 

•  ThfSe  aumbers,  m.  n,  p,  ati'snged  in  decrea&hig  order  of  Btee,  forai  »Q  harmonio  proportion, 
when  lie  diffetcnce  of  the  flrst  and  the  second  is  to  the  difference  of  Ihe  s«ond  and  tlio  third,  u 
the  flrst  is  to  the  thlrfl.  Bach  (ife  the  numtera  B,  4,  and  S ;  or  e,  3,  sna  S ;  oi'  15, 12,  and  10 ;  &«. 
Bo,  In  Fig.  403,  Bro  the  lines  AD,  AB.  and  AO,  nMdi  ttiia  give  BD;  CB::  AD ;  AC;  or 
AC:CBl;  AD;BD.  The  series  of  ftaotlons, -1,  ^,  J,  J,  ^,  to.,  is  called 
ifDiv,  tiecarae  an;  conaeoutiTe  Uirea  of  its  tetn^  form  an  harmonia  nronor^on. 
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ThiobeM  VL — If  any  Iramversal  to  an  haTmonia pe?ieil  ie  drown,  it  vyill  be  dividti 
hartnonisally. 

Let  LM  be  the  transversal.  Throngh  K,  wliere  IM  jntereeeta  OB,  draw  EF 
parflllel  to  OA.  It  is  bisected  at  K  by  the  preeediug  lieorem;  and  tbe  eimilsr 
trianglee,  FMK  and  LMO,  EKN  and  LNO,  give  the  proportions 

LM :  KM : ;  OL :  FK,  and  LN ;  NE  : :  OL :  EE ;  -wheiice, 
Einca  EK  =EK.  we  haT6  LS :  HE : :  LM :  KM, 
COKOLLARV. — The  two  eidet  of  any  angle,  io^etlter  with  <7«  Jisaecin'ces  of  the  angle 
and  of  its  cJippliancnt,  form  an  harmonic  pencil. 

Theorem  VII, — If,  front  the  snmniits   of  any  ^'S'  ^'^'^■ 

triangle,  ABO,  ikrougk  any  point,  V,  tliere  he 
dravm  the  Iranaversak  AD,  BE,  OF,  and  the  tr 
versed  ED  he  dravin  to  meet  AB  prolonged,  it 
the  points  F  and  F'  mil  divide  the  Jaw  AB  j 
moaically. 
This  may  be  otherwise  expressed,  thus ; 

The  line,  CP,  which  Joins  the  interiectian  of  ths  diagonals  of  an^  quadrilateral, 
ABDB,  mth  the  point  of  meeting,  C,  if  twa  opposite  sides  prolonged,  cuts  the  (lis 
AB  in  a  point  F,  lahieh  is  the  harmonic  eonjugats  of  the  point  of  meeting,  F",  of 
the  othtr  tma  sides,  ED  and  AB,  prolonged. 

For,  by  Tlieorem  I.,  AF'  X  BD  X  CE  =  F'B  X  DC  X  EA ;  and 
by  Theorem  III.,  AF  X  BD  X  CE  =  l''B  X  DC  X  EA ; 
whence  AF :  FB  : :  AF'  :  F'B. 


THE  COMPLETE  QUADRILATERAL. 

A  CompUis  Q-aadrilateral  is  formed  by 
drawing  any  four  straight  lines,  so  that  each 
of  tham  eholl  cut  oacli  of  ilie  other  three,  so 
aa  to  give  sis  different  points  of  intersection. 
It  is  Eo  called  because  in  the  figure  thus 
formed  are  found  three  quadrilaterala ;  viz, 
in  Fig.  412,  ABCD,  n  common  consfto  qnadri- 
lateral  j  EA7C,  a  tini-eoncatie  quadrilateral ; 
and  EBAFD,  a  H-coneave  quadrilateral,  eom- 
posed  of  two  opposite  triangles. 

The  complete  quadiiUiteral,  AEBCDF,  has 
Ibree  diagonals;  viz.,  two  interior,  AC,  BD; 
and  one  esterior,  EF. 

Theorem  VIIT.—/n  Buiry  COMPLEIB  •w/.n^ii-Li.iEB./.i,  the  middle' points  of  its  three 
diagonals  lie  in  the  same  straight  ,line. 

AEBCDF  is  the  quailcUateral,  and  LMN  the  middle  points  of  ita  three  diago- 
Dak     From  A  and  D  draw  parallels  to  BO,  ^d  from  B  and  0  draw  parallels  to 
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1« 


AD.  The  triangle  EDO  beiag  cut  by  tlie  traiiaversul  BF,  we  have  (Theorem  I.), 
DF  X  CB  X  KA=;CF  X  EB  X  DA.  From  the  equality  of  parallels  between 
parallels,  we  have  CB  =  E'B',  EA  =  CA',  EB  —  DB',  DA  — E'A'.  Deiioo,  ths 
above  equation  becomes  DF  X  E'B'  X  CA'  =  OF  X  DB'  X  E'A' ;  thevefora,  bj 
Theorem  11,  the  points,  F,  B',  A',  lie  in  the  same  straight  line.  Now,  since  the 
diagonals  of  tie  parallelogram  ECA'A  bisect  enoh  otlier  at  M",  and  those  of  the  par- 
allelogram EBB'D  ftt  Ht  -we  hare  EN  :  KA' : :  EM :  MB'.  Than  MN  is  parallel  to 
FA' ;  and  we  ha.ye  EN :  NA'  : ;  EL :  LF.  or  EL  =  LF,  so  that  L  is  the  middle  of 
■EF,  flnd  tha  eame  atrdgtit  line  passes  ik-ough  L,  M,  aod  K 

Theoreu  is.— in  every  complete  qiutdrUatsral  each  of  tha  three  diagonals  is 
divided  harmonically  &i/  ike  two  others, 

OEBADF  is  the  complete  qundrilateraL  Pig.4is. 

The  diagonal  EF  ia  diridad  harmonionlly  at 
G  and  H^by  DB  and  AO  produced ;  anoe 
AH,  DE,  and  FB  are  three  trausveraals 
drawn  from  the  summits  of  the  triangle 
AEF  throagh  the  same  point  C ;  and  there- 
fore, by  Theorem  VII,  DBG  and  ACH  di- 
vide EF  harmonically. 

So  ton,  in  the  triangle  ABD,  CB,  CA,  CD,"  "      " 

are  the  three  transversals  pisang  through  C ;  and  G  and  K  therefore  divide  the 
di^nal  SD  hai'monically. 

So  too,  in  the  triangle,  ABC,  DA,  DB,  DC  ai'e  the  t 
the  points  which  divide  the  diagonal  AO  harmonically. 

Theobem:  S. — If  from  a  point,  A,  aij/  num- 
ber of  lines  he  dravm,  cutting  the  dde»  of  an 
angle  POQ,  the  inlersecHons  of  the  diagonals 
of  the  qaadritiUerals  thus  formed  will  all  lie 
in  the  same  straight  line  passing  throngh  the 
SKmmit  of  the  angle. 

By  tie  preceding  Theorem,  the  diagonal  I 
BC  of  the  complete  qnadrilateral,  BAB'C'CO,  ** 
is  divided  hai-monically  at  D  and  E.    Hence,  OA  OP  OD  a 
tnonio  pencil    So  do  OA,  OP,  OD',  and  OQ. 
eide.    So  for  the  other  intersections. 

If  the  point  A  moves  on  OA,  tha  line  OD  is  n  t  1  pi  J  If  on  tha  contrary, 
OA  is  displaced,  OD  turns  around  the  point  O  H  n  th  p  t  A  is  said  to  be  a 
pole  with  respect  to  the  line  OD,  which  is  itaelt  call  d  the  p  la  of  the  point  A. 
Similarly,  D  is  a  pole  of  OA,  which  ia  the  polar  of  D.  OD  is  likewise  the  polar  of 
any  other  point  on  the  line  OA;  and  this  property  is  necessarily  reciprocal  for  the 
two  conjugate  radii  OA,  OD,  with  respect  to  the  lines  OP,  OQ,  wiiich  are  also 
conjugate  radii  Hence ;  In  every  harmonic  pencil,  each  of  the  radii  is  a  polar 
with  reepeet  to  each  point  of  its  conjugate  ;  and  each  point  of  thta  latter  line  is  a 
vole  with  respect  to  the  formei. 


insvevsala,  and  H  ai 


a  d  C  Q,  form  an  li 
3  OD,  OD'  ei 
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DEBIONSTEATIOITS." 

PART  n. ;  CHAPTER  V. 


(143),  (1.4-aj  These  jaetBode  depend  on  tl.e  prinoipla  of  tho  et^uora  of  I 

1 145)  CAD  h  an  angle  inscribed  io  a  eemioirols. 

(14S)  Let  fall  a  perpendioiilar  from  B  to  AC,  meeting  it  at  a  point  E,  i 
malted  in  Fig.  31.     Tbea  (Legemlre,  IV.  12), 

_AC'+BC'  — AB° 


=  AC  +  EC  ~  2  AC .  CE ;  -wlicnc 
SAC'   ■ 
=  CE  X  AC  -r  ■: 


When  AC  :=  AB,  this  becomes  CE  =  — — ^.  Tlie  similar  triangles,  BCE  and  DCA,, 


e  EC    CB  : :  AC  :  CD ;  whence 

_  CB  X  AC  _  

"   2  AC~ 

(147)  Mark  a  point,  G,  in  the  middle  of  DF,  and  join  GA.    The  triangls  AGD 

■will  then  be  isosceles,  eiiioe  it  is  equal  to  the  isosceles  triangle  ABO,  having  two  sidea 

and  the  included  angle  equal.   Then  AG  =  GD  =  AB  =  GJF.   The  triangle  AGF  ia 

then  also  isosceles,   Kow  the  angle  FAG  = -J  AGD ;  and  GAD  =  ^  FGA.  Therefore 

FAQ  +  GAD  =  FAD  =  i  {AGD  +  FGA)  =  J  (180°)  =  flO°. 

(149)  See  Part  VII,,  Art.  (408). 

(150)  Tie  proof  follows  from  the  equal  triangles  formed. 

(|51)  The  proof  is  found  in  the  Erst  half  of  the  pvoof  of  Act.  {US). 

(153)  ACP  is  an  angle  inscribed  in  a  semicircle. 

(154)  Draw  from  C  a  perpendioular  to  the  given  line,  meeting  it  at  a  point  E. 
Aa  in  the  proof  of  Art.  (146),  changing  the  letters  suitably,  wo  haTO  AE  =  ■  . 
rhe  similar  triangles  AEC  and  ADP  give 

__      _AF  XAC 

~  AG  '^  3  AB  ~     2  AB    ' 


AC:  AE::AP  :  AD  =  --^X  ABS- 


CISS) Similar  triangles  prove  this. 

(15S)  Tho  eijuri  triangles  whioh  are  formed  ^ve  BP  =  CF.     Uence  FP  ia 
parallel  to  BC,  and  consequently  perpendicular  to  the  ^yen  line  DG. 

(I5Y)  Tlie  proof  of  this  is  found  in  tho  "  Tiieory  of  Transversals,"  oorellary  3. 

(158)  Tlie  proof  of  tbis  is  the  same  as  iie  last. 

(181)  The  Eaes  are  parallel  bsiiauae  of  the  equal  angles  formed. 

in  tho  fcit  will  Gomotimea  ts  Emiilorci    The  studtm  ahouia 
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(162)  Tlie  equal  triiinglea  give  equal  angles,  anil  tbureforu  parftlk'Is. 

(163)  AE  is  pai'allel  to  PF,  since  it  outs  the  sides  of  the  triangle  pPoportionall7. 
(16'1)  The  proof  is  found  in  corollary  4  of  "  Tfaosvorsala." 

(165)  From  tha  similar  triangles,  CAD  aud  CEP,  we  have  CE :  CD : :  CP  ;  CA. 
From  the  similar  triangles,  CEF  and  CBD,  we  hare  CE  :  CD  : :  CF  :  OB,  These 
two  proportions  giie  the  following;  CP :  CA :  r  CF ;  CB.  Therefore  PF  is  par- 
allel to  AB. 

(166)  Draw  PE  Tlie  similar  triangles  PCE  and  AOD  give  PE  r  OE ! !  AD :  OD. 
The  simiW  triaogles  CEP  and  CDB  give  EP  :  CE  : :  DB  :  CD.  Thesa  proportions 
produce  PE  :  EF : :  AD :  DR  Hence  PBF  is  similar  to  ADB,  and  PF  is  parallel 
toAB. 

(ITS)  The  equality  of  the  symmetvleal  triangles  wliicli  are  formed,  proves  this 
method. 

(174)  ABP  is  a  transversal  to  the  triangle  CDE.    Then,  by  Theorem  L  of 
"  TransTcrsals,"  CA  X  EE  X  DP  =  AE  X  BD  X  CP ;  whence  we  have 
CP  r  DP  : :  CA  X  SB  :  AE  X  BD. 
Bj"divi!ion,"CP  — DP:DP:;CA  X  EB  — AE  X  BD  :  AS  X  BD. 

The  other  formulas  are  aimpMed  by  the  comrnon  factors  obtained  by  making 
AE  =  AO,otBE  =  BD. 

(1*5)  By  Theorom  VIL  "  Harmonic  Division,"  in  the  quadrilateral  ABED,  the 
line  CF  cats  DE  in  a  point,  L,  which  is  the  harmonic  conjugate  of  the  point  at 
which  AB  and  DE,  produced,  would  meet.  So  too,  in  the  quadrilateral  DEHK, 
this  same  line,  CG,  produced,  cuts  DE  in  a  point,  L,  whieh  is  the  harmonic  conju- 
gate of  the  point  at  whieh  DE  and  KH,  produced,  would  meet.  Consequently, 
AB,  DE,  and  KH  must  meet  in  the  same  point.  Olherwiie;  this  problem  may  be 
regarded  as  the  converse  of  Theorem  S.  of  ■' Transversals,"  BCA  being  the  angle, 
and  P  the  point  from  which  the  radiating  lines  are  drawn. 

(176)  EQOFDH  is  the  "  Complete  Quadrilateral."  Its  three  diagonals  are  FE, 
DO,  and  HG ;  and  their  middle  points  A,  B,  and  P  lie  in  the  same  straight  line,  by 
out  Theofem  VIII, 

(18S)  This  instrument  depends  on  the  optical  principle  of  the  equality  of  the 
angles  of  incidence  and  reflection. 

(1S4)  The  first  method  given,  Fig.  ISO,  ia  another  application  of  the  Theory  of 
Transversals.  The  eeeond  method  in  the  article  ia  proved  by  supposing  the  flgura 
to  be  constructed,  in  which  cose  we  should  have  a  triangle  QZK,  whose  base,  QK, 
and  a  parallel  to  it,  BD,  would  be  cnt  proportionally  by  the  required  line  FSZ ; 
BDXQP 


LtQE:BD::ClP!B3== 


QE 


(1§9)  By  '■Transversals,"  Theorem  I.,  we  obtain,  regarding  CD  as  the  trans- 
versal of  the  triangle  ABE,  CBxAFxED  =  ACXFEXDB;  and  since  ED  =  DB, 
this  becomes  CB  X  AF  =  AC  X  1"E  i  whence  the  proporUon  OB  ;  AC  : :  FE  :  AF. 
By  "division,"   we   have   CB— AC  ;  AC  ::  FE  — AF  :  AF.      Observing    that 

CB  ~  AC  =AB,  we  obtab  AB  =  ~  ■  (FE  —  AF). 
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For  Part  IS.,  Ciiaiijer  V. 


[1] 


(190)  Tako  CH:  =  CB;  and  from  B  let  fall  a  perpen- 
dicular, UK,  to  AO.  Then,  in  the  triangle  CBH,  we  liava 
(LegecdrelV.  12), 

„  CH"  +  BI1'  — BC'_  Bff 

Biace  CH  =  Ba 
la  the  triangle  ABH,  wo  Iiave  (Leg.  IV.  IS) 
AB=  =  AH=  +  BtP  +  2  AH .  HE. 
Butetituting  for  HK,  its  valno  ffom  [1],  we  get 

AB-  =  AH-  +  Bn'(l  +  ^). 

But  AH=AC-CH  =  AO  — EO 

III  the  above  expression  for  AB,  BH  is  unlmown.  To  find  it,  proceed  thus. 
Tate  CF  =  CD.  Tlien  DP  is  parallel  to  BH  ;  a,ad  we  have  CD  :  CB  : :  DP  :  BH ; 
■whence  BH=  =  Dr   "^^^ 


'  CD'" 


[3] 


In  this  equation  DP  is  unlmown ;  but  by  proceeding  as  at  the  beginning  of  this 
inyeHtigation,  ire  get  aa  equation  analogous  to  [2],  giving  ED^  =EF  -f  DF" .  —  ; 

whence  J}^  =  {JiE? —%W)  .  ^. 

Substituting  this  value  of  DP'  ia  [B],  ive  liave 


EH'=(DE'— EP' 


CB' 


'CD  X  CIS" 

Substituting  this  value  of  BH'  in  [2],  we  have 
AOxBa_ 
'■CDxCE 


AB'=AH'+(DE'-EP).- 


^  =  (AO-BC)''+[DE'—  (CE-CD)'']X 


1  proportional  between  AB 


(192^  ITie  proof  follows  from  tlie  eimikr  triaogles  eousti-ucted. 
(193)  The  similar  triangles  give  DE  ;  AC  : :  DB  ;  AB;  whence,  I>y  "division," 
DE  — AC  :  AC  ::  DB  — AB  ;  AB;  whence,  siiice  DB —  AB  =  AD,  we   have 

DE-AC 


(1B4)  From   the   simili 
DE  — CA  ;  CA  :  :  EB  — AB  ;  AB 

ACXAB 
^^-M^^AC- 


i  have   DE  ;  CA  : :  EB  :  AB ;  whence 
enes,    since     EB~AE  =  AE,  we     get 


(195)  The  tiianglea  DEP  and  BAF,  eimilar  because  of  the  parallelogram  which 
„  .....„*d,  sW.  K  ,  ED  , ,  AJ  ,  AB  =  SXAP  ^  i«|fi?. 

Hie  trianglea  DBF  and  BCD  give  simikrW  BE  ;  ED  : ;  DO  ;  CB  =  ^^^=^^. 
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S9Q  DEMOMSTMATIMS  [app.  s. 

(196)  Tlie  eijuality  of  the  triangles  foi-mcd  proves  this  problem. 

(I9T)  The  proof  of  this  problem  slao  depends  on  the  equality  of  the  triangles 
constJ'ucted.     The  details  of  tho  proof  require  attention. 

(10§)  EB  is  the  traosyersal  of  tba  triflogls  ACD.    Consequently,  CBxAFxDE 
=  ABxFJ:iXCE;  or, since CB  =  AB+AC,CAB4-AC)XAFxDE=ABxFDxCE-, 

1  .,._       AOxAFXPE 

wienoe  FDxOE  — AFxDE" 


(199)  The  line  BE  is  harmonically  divided  at  the  poipts  H  and  A,  from  Theorem 

IX,  ECFBGD  being  a  "  Complete  QuadrilaterfiL"  Consequently,  AE :  EH : :  AB ;  HE 
Eenee,  by  "diyision,"  AE— EH:AE  :!  AB— HB:AB.    We  therefore  have, 

_AExAn 

~AE  — EH' 


e  AB  — HB  =  AH,  AB  =  - 


(900)  For  the  same  reasons  as  in  the  last  article,  CF  is  harmonically  divided  at  II 
and  D ;  andwe  have  CHiHP  :  r  CD  :DF;  whence  CH~-HF;C1I;:  CD  — DF:  CD. 
Hence,  since  CD  — DF  =  CF,  CD  =  ^^_^^^. 

The  other  ttvo  expressions  come  from  wrltuig  CF  as  CH  +  HF,  and  HP  as 


(aOl)  The  equality  of  the  triangles  formed  proves  the  equality  of  the  oorre- 
eponding  sides  KD  and  DE,  &c. 

(803)   The  similar  triangles  (made   so  by  the   measurement   of  CE)   give 

CD,ra„CA:AB  =  :ia|e. 

(303)  Tho  similar  triangles  (made  so  by  tho  parallel)  give  CE :  EA  : :  CD :  AB 
__  CDXEA_CDX(AC  — CE) 


FH 
The  Bunilar  triangles  PGH  and  ABC  give  FQ  :  GH  : :  BC  :  AB  =BC  ^^. 

Substituting  for  BC,  its  above  value,  we  have  AB  ^  — tth  "v  Pft      ' 
When  CD  =  CE,  DF  =  CD,  whence  the  Beoooa  formula. 

(805)  The  equality  of  the  symmetrical  triangles  which  are  formed,  proves  the 
equality  otA'B'  to  AB. 

(906)  The  proof  of  this  is  simikr  to  the  preceding. 

(207)  Because  the  two  triaugles  ABO  and  ADE  have  a  common  angle  at  A, 
WB  liavo  ADE  ;  ABC  ; :  AD  X  AE  ;  AE  X  AC  ;  whence  the  expression  for  ABC. 

(90§)  From  B  let  fall  a  perpenclicular  to  AC,  meeting  it  at  a  point  B'.  Call 
this  perpendicular  BB'  =:p.  From  D  let  fall  a  perpendicular  to  AC,  meeting  it 
it  a  point  D'.    Call  this  perpendicular  DD'  =  5. 
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[app.  b,]  Ffflr  Part  V. 

Tiie  quadrilateral  ABCD  =  AC  X  i  (p  +  !)• 


:  BE  :  DE,  wieocfl 


*     ^  BE  CE  X  BE    ■ 

T.      i(    ^    ^      BCE      BCEXDE_ 


DEMONSTRATIONS  FOR  PAST  V. 

(8§3)  Let  B  =  the  meaaaed  indiDed  length,  J=thi3  length  reduced  to  a 
horizontal  plane,  and  A  =  t1io  angle  which  the  mcasirel  bias  makes  iritli 
the  hovizon.  Then  5  =  B  .  co9.  i  and  the  etoeas  of  B  over  6,  L  e., 
B  — i=B  (1  — COS.  A).  Since  1  —  cob.  A  =:  2  (sin  -i  A)'  [Trigouometrj, 
Art.  (9)],  we  have  B  — 6  =  2  B  (aia.  i  A)'.  Substituting  for  sin,  i.A,  ita 
approsimate  equivalent^  i  A  X  sin.  1'  [Trigonomstrj  Art.  (6)]  we  obtain 
B_i  =  2  B  (^  A  X  Bin.  ]')'  =  i  (wn.  I')'. A'  B  =0  000l>0u04231  A'  B. 
By  logarithms,  log.  (B  —  i)  =  2.626422-1- 2  log.  A -|-lo|,  B  The  greater  precision 
of  this  calculation  than  that  of  i  =  B .  ooa.  A,  arises  from  the  elownesa  with  which 
the  cosines  of  yerj  small  angles  iQorease  or  decrease  in  length. 

(386)  The  exterior  angle  LER  =  LCK  +  CLD.  Also,  LEE  =  LDR  +  CRD. 
.•.LOK+CLD  =  LDE+CED,      and  LCR  =  LDR+CKD-CLD. 


Fl'om  the  triangle  CRD  f 
From  the  triangle  CLD  w 


!get  s 


D.  CRD  =  sin.  CDRX 
n.  CLD  =  siii.  LDCX 


Ab  the  angles  CRD  and  CLD  are  very  small,  these  values  of  the  sines  may  ha 
colled  the  values  of  the  area  which  measure  the  angles,  and  we  shall  have 


LCR  =  LDE  +  sin.  CDR  X 


1.LDCX 


The  last  two  terms  are  esprsesad  in  parts  of  radius,  and  to  have  them  iu  aeconds,- 
they  must  be  divided  by  sin.  i"  jTrig-onoraetry,  Art  (S),  Note],  which  gives  the 
formula  in  the  test.  Otherwise,  the  correction,  being  in  parts  of  radius,  may  be 
brought  mto  seconds  by  multiplying  it  by  the  length  of  the  radius  In  seconds;  Le, 

i^^— ?^-?5.^-^  =  209264".80625  [Trigonometry,  Art.  (3)1. 
8,14169,  mi- 

(391)  The  triangles  AOB,  BOC,  COD,  &o.,  give  the  following  proportions 
[Trigonometry,  Art.  (12).  Theorem  I.];  AO  :  OB  : :  sin.  (2)  ;  sin.  (1); 
OB :  GO : :  sin.  (4) :  sio.  (3) ;  OC  :  OD : :  sin.  (6) :  sin.  (6) ;  and  so  on  around  the 
polygon.  Multiplying  together  the  eorresponding  terma  of  all  the  proportions, 
the  eidea  will  all  be  cancelled,  and  there  will  reanlt 
1 :  I : :  sin.  (2)  X  sin.  (4)  X  sin.  (6)  X  ein.  (8)  X  Bin.  (10)  X  sin.  (12)  X  sin.  (14): 

(ua  (1)  X  sin,  (3)  X  Bin,  (6)  X  sin.  (1)  X  sin,  (9)  X  sin.  (11)  X  sin.  (IS). 
Hence  the  equality  of  the  last  two  terms  of  the  proportion. 


Hosted  by 


Google 


BEMOTSTRATIOSS 


DEMOifSTRATIOS  FOR  TAUT  VI. 

(399) 

In  the  triangle  ABS,  we  liave 

.i..ASB..i.BAS.AB:SB  =  H^5|M  =  i 

Iq  tlie  f 

.iangle  CBS,  we  have 

«n.  ESC  .  .in.  ECS  , .  BO  .  SB  =5^^^  =  ^ 

PI 

In  the  quadrilateral  AB08,  we  hare 
BCS  =  S60°~ASB~BSG~ABC  — BAS;  or  V  =£60°  — S  — S'  — B  — U. 

LetTsSeO"  — S  — S'  — B,  andweha-ve  V  =  T  — U.  {i} 

Substituting  this  value  of  V,  ic  equation  [3],  we  get  [Ti-ig.,  Art.  (S)], 

e.sinS'sta.  U  — o.sia,  S(gin.  T.009.  U  — eos,T.sin.  U)=0. 
Dlyidiiig  by  eiD.  U,  wa  get 

c  .  sin.  S'  —  a  ,  Bill.  S  (sin.  T .  ^^~  eo9.  t)  =  0. 
Whence  we  have 

co5.U_  a. sin.  S'  +  a.Eii].S.oo3.  T 

Sin.  U  ~  ■'''  ■       ~  b.sLq.  S.eln,  T  " 

Separating  thia  espression  into  two  parts,  and  oancelliag,  we  get 

cct.U=        ■'■"■'■^'        +g^ 
Separating  the  eeeond  member  into  factors,  we  get 

Haviug  found  U,  equation  [4]  gives  V ;  and  cither  [1]  nr  [2]  gives  SB;  ana 
SA  and  SO  are  tlien  given  by  the  familiar  "  Sine  propurtion"  [Trig,  Ai't.  (12)]. 
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DEMOKS'L'EATIONS  FOR  P^VRT  VII. 

(403)  if  APC  be  a  tight  angle,  ^  =  ooa.  CAB  [Trigonometry,  Art.  (4)]. 

(405)  A0  =  PC .  taa.  APO ;  and  CB  =  PC .  tan.  BPC  [Trigoaometrj',  Art.  (4)}, 
Hence  AC  r  CB  : :  tan.  APO  ;  tan.  BPC ;  and 

AC  1  AC  +  CB  ; ;  tan.  APO  :  tan.  APO  +  tan.  BPC. 
Consoquisntlj,  einee  AG  +  CB  =  AB,       AC  =  AB  . JW^.i.,.,    yen- 

(414)  The  equal  and  eupplementary  angles  formed  prove  the  operation. 
(431)  In  Fig.  2B6,  CA :  EG : :  AB  :  GB.      By  ■' diYieion,"  CA  — EG:EO:: 
AB  — GB  :  GB.     Henee,    observing    that    AE  — GE=Ae,  we    shall   hava 
GB(CA  — EG) 
EG 


AG 


(423)      Art.    (12),    Tlieorem   III.,    [TrigonomiStry,    Appendix    A,]    gives 
COS.  C  =  ■"  ,~'  !  or  c'  =  a'  +  6'  —  2  at .  cos.  C.     This  becomes  [Trig,,  Art 

(6)].  E  being  the  supplement  of  C,  i;'  =  a'+ 5=  + 2  ai  .  cos.  K.  Tho  soriee  [Trig, 
Art.  (5)]  for  the  length  of  a  cosme,  gives,  taking  only  its  firat  two  terms,  eince  K  is 
verj  small,  coa.  K  =  1  —  i  K'.     Hence, 


=("+V('-,-I?f'ij-)' 


Developing  the  quantity  under  the  radical  sign  by  the  binomial  theorem,  and  neg. 
lecting  the  terms  after  the  second,  it  beoomea 

Substituting  for  K  minutes,  K .  sin.  1'  [Trig,  Art,  (o)],  and  performing  the  multi- 
plication bj  (!+  i,  ti'(j  obtain 

2  (a  +  i) 

abK' 


c=a+b •'      •      ' .     Now  '-■■'        -  =  0.000000043S019  ; 

whence  the  formula  in  the  test,  c  =  a  +  b  —  0.000000042308  X  - 


(430)  In  the  triangle  ABC,  designate  the  angles  as  A,  B,  C ;  and  the  sides  op- 
posite to  them  as  a,  h,  c.    Let  CD  =  d.    The  triangle  BCD  gives  [Trig.,  Art,  (13), 

Theorem  I],  o  =  d  --— pijy:-    The  triangle  ACD  amilarly  giycs  S  =  iJ  ■  -.■-'■-    ^  p. 

In  the  triangle  ABC,  we  haya  [Trig.,  Art.  (12),  Theorem  IL], 
tftn.i(A  — B);cot.  J-0::B~i:a4-i; 
whence  tan.  .J  (A  —  B)  =  ^^-^^  ■  cot.  i  C.  [1] 

Let  K  be  an  auxiliary  angle,  such  that  b^a  .  tan.  K ;  whence  tan.  K  =  ~, 
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400  BEMOHSTRATIOKS  [app.  b. 

Dividmg  the  second  wembev  of  equation  [1],  above  niid  below,  bj  a,  and  aubstitu- 
ting  tan.  K  for  i,  we  get  tan.  ^  (A  —  B)  =yx1^^  ■  "^o'-  i  C. 

Since  tan.  43'  =  1,  we  may  sutstitntfl  it  for  1  in  the  preceding  e,iuatioa,  and 
w.  g.l  ....  i  (A-B)  =  !=^°^-=^.„..  i  0. 

Fi'om  tlia  expression  fov  tie  tangent  of  tlie  difference  ol  two  area  [Trig..  Art. 
(8)],  the  preceding  fraction  reduces  to  tan.  (46°  —  K)  i  and  tJia  equation  beoemea 
tan.i(A— B)  =  tan,(4&°  — Kj.cot.  4C,  [s] 

In  the  equation  ton.  K  =  -,  aubsfitute  the  Toluea  of  b  and  a  from  the  formulaB 
tt  the  beginning  of  this  inveatigation.    Thia  gives 

_      sin.  ADC_j_      sin.  EDO  _ eln.  ADC  .  flJo.  CBD 

(A  —  B)  ia  then  obtained  by  equation  [3] ;  (A  +  B)  is  tbo  aupplemeat  of  0 
therefore  the  angle  A  is  known. 

a.8!n.O      d.sin.  BDO.Em.  AOB 

Then  '=^^=^^rr=^-s^Jy^D:^^mr- 

The  use  of  tho  ausiliaiy  angle  K,  avoids  the  calciilatiou  of  the  sides  a  and  6. 

(434)  In  tha  figure  on  page  292.  produce  AD  to  some  point  F.  Tiie  exterior 
angles,  EBO  =  A+P;  ECD=A  +  Q;  EDF  =  A  +  E,  The  triangle  ABE 
gives  —  =  ^i^.  The  tiiangle  ACE  gives  —^  =  ^1^.  Dividing  member 
byniemt 


^^     CR~{a  +  x)  ein,  P" 

BE        sin.  (A  +  It) 
In  the   same  way  the  trianglca  BED  and  CED  give  ^-7^  =  ^^f/ j^'„  p)  '• 

,  CS      sin.  (A  +  B)     ^,  ,    ,       BR      (i  +  x)  sin.  (R  — Q) 

^■'^-=^R^'    Whence  as  before, -=       ^  ^  ^.^^  ^^.-^^. 

Eqnathig  these  two  values  of  the  same  ratio,  we  get 

^j;^a_^(i_+.)....(Il-^     „dlh.™. 
(.  +  .).ln.P  S..in.(B-P) 

°'.if  °p''.h!'(B-Ql'''  =  (■  +  *Hi  +  -)  =  «i  +  (°  + ')  ■  +  -■■ 

ToeolveOiis  equation  of  the  3d  degree,  with  reference  to  a,  mulie 
.     T-    "'       ein-Qfrin-B-P) 
'"■  "      (._i)''m.P(,lE.E_Q)- 

Then  the  first  member  of  the  preceding  equation  =  i  •  (a  ~  6)'  X  tan.'  K  •  and 
weget  i'  +  (a+6)a=;i{B— 6)'.tan.'K  —  o5, 

and  ^  =  -4(n  +  i)±V[Ma-*)°-tan.'K-oi  +  i{<'  +  i)'] 

=  -J(«  +  i)±y[4(«-')'-la".'K  +  i(.-J)"] 
=-J("'  +  l)±i("-')V(tam'K  +  l). 

Or,  .Incc  y  (l.n.-K  +  1)  =  .ecant  K  =  ™,wc  h.ve  «  =  -^  ±  ^^^^■ 
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DEMONSTRATIONS  FOR  PART  XI. 

(iiyS)  The  aontant  being  given,  and  tlie  length  to  be  n  times  tlia  bc«adtli 
Breadth  Xn  times  breadtlisscoateot;  whence,  Breadth :=^  1 1. 

Given  the  content  =^  e,  and  the  diffevence  of  tbe  length  and  breadth  =  ti;  to 
find  the  Uaglb  i,  and  the  breadtli  t.  We  havs  i  X  6  =  0;  and  2  — 6  =  4  From 
tLeae  two  equation,  we  get  /  =  i  d  +  i  V  (■*=+  *  ')■ 

Given  the  content  ^e,  and  the  sum  of  the  length  and  breadth  =  s-,  to  find  I  and  b, 
We  liave  Z  X  i  =  e ",  and  ;  +  i  =  a ;  whence  wa  get  I  =  ^  s  +  +  ^  («'  —  *  '^)' 

(49fl)  The  first  rule  is  &  coniequence  of  the  ai-ea  of  a  ti'iangle  tieing  the  product 
of  ite  height  by  half  its  base. 

To  get  the  second  rule,  call  the  height /i ;  then  the  base^mft;  and  the  area 
!=i  A  X  mh;  whence  h^i/  ( !. 

For  the  equilateral  triangle,  calling  its  side  e,  tha  formula  for  the  area  of  a  triangle 
V  [  (i  «)  (M -»)  [i  ^  ~  *)  W  ^ -")]  reduces  to  ^  .V8-  Hence  .  =  ay'^'^) 
=5:1,6191  v^  area. 

(4&5)  By  Art.  («5),  Note,  ^ .  AB  X  BC  X  eln.  B  =  content  of  ABC  ;  wlicuce, 

(406)  The  area  of  a  circle  =:i'adiu3"  X  -=- ;  whence  radius  =  j/ ( [ 1 

(497)  The  bloclis,  including  half  of  tbe  streets  and  avenues  around  thorn,  are 
900  X  260  =  334000  sijuara  feet.  This  area  gives  84  lots  ;  then  an  acre,  or  43560 
feei,  would  ^ve  not  ciuite  IS  lota. 

(5©S)  Tha  parallelogram  ABDC  buing  double  tha  triangle  ABO,  tlie  proof  for 
Art.  (496),  shghtly  modiSed,  applies  here. 

(504)  Pi-oduce  BO  and  AD  to  meet  in  E.  Fig.  m,  wa. 

By  similar  triangles,  ;; 

ABE  :  DCE  :  r  AB' :  DC.  |  ~~^~--^c 

ABE  —  DCE  ;  ABE  ; :  AB'  —  DC  :  AB'' 


■3.BiQ.(A+B)- 
The  above  propoition  therefore  becomes 


;  AB'  — CD':AB'. 


■         ■2.sin,(A  +  B)-' 
Multiplying  extremes  and  means,  cancelling,  transposing,  and  extracting  the  BEjuaro 

,^-r.          /r^m      2,ABCD.^n.  (A  +  B)"| 
root,  we gBt  CD  =  j/  I  AB' ~-^ — ■     n         J" 
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t02  DEMONSTRATIOIVS  [ap 

When  A  +  B  >  180",  sin.  (A  +  B)  is  negative,   and  therefore  the  fract 
which  it  occurs  becomes  positive. 
OF  being  drawn  pai'allel  to  DA,  we  have 


BC  =  (AB-CD)^^^^^^. 


(605)  Since  similar  triangles  are  aa  the  squares  of  their  homolojou 


BDK  :  BFO  ! :  BD'  ! 


(5®®)  BFG  =  |.BFxFG  =  i.BFxEF.tjin. 

whence,  ^^~f\^ir^  )■ 

(510)  By  Art.  (85),  Note,BF«  =  BF'.   -"  ^ 


sin,(B  +  F)' 

(511)  Tlie  tinal  fevmula  results  from  the  proportion 

FAE :  CDE : :  AE' :  ED'. 
(519)  Since  triaogles  which  hare  an  angle  in  each  eijnal,  are  as  the  products  t^ 
the  Bides  about  the  equal  angles,  we  have 

ABE  :  CDE  :  r  AE  X  BE  :  CE  X  DB. 
ABE  =  ^.AB'.^i!^,  AE  =  AB.!^|. 


«u.(A  +  B)' 

.   sin.  CDE 

3.  DC^" 


BE  =  AB ,  ^-^r,.  CE  =  DE  .  . 


Subsfitutiug  these  values  in  the  preceding  proportion,  cancelling  tlie  common  fac- 
tors, observing  that  sin.  (A  +  B)  ^  sin.  B,  multiplying  extremes  and  means,  and 
,.  ...  ^  ^„  //2.CDE.6in.DCEV 

dmdmg,  w«  get  ^^  =|/(  ^.^  j^_  ^^  ^-^). 

(515)  The  first  formula  is  a  consequenca  of  the  expression  for  the  area  of  a 
triangle,  given  in  the  first  paK^raph  of  the  Note  to  Art  (65). 

!n  tliis  article  (which  are  of  very  frequent 


(518)  The  espraasion  for  DZ  foUowa  from  Art.  (66),  Note.  Ths  proportion  in 
the  next  paragraph  exists  because  triangles  havmg  the  same  altitude  are  as  their 
bases. 

(519)  By  congtnictioii,GPC  =  the  required  content.  Now,  OPC  =  GDO,  sinee 
they  have  the  same  base  and  equal  altitudes.  "We  hare  now  to  prove  that 
LMC  5=  GDC.  These  two  ti'iangles  liave  a  common  angle  at  C  Hence,  they  are 
to  each  other  as  tlie  rectangles  of  the  adjacent  sides ;  i.  e., 

GDC  :  LMC  : :  GO  X  CD  : :  LO  X  CM. 
Hers  CM  is  ■nubiown,  and  must  be  eliminated.    We  obtain  an  esprossion  for  it 
by  means  of  tlio  similar  triangles  LCM  and  LEP,  which  give 
I-E;LC::EP  =  CD:CU; 
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Hance,  CM  = ■      "'  ■■    Substituting  thU  value  of  CM  in  the  first  proportion, 

and  canaellidg  CD  in  the  last  two  terms,  we  get 

GDO:LMC;:QC:~;  orGDO:LMC::  GC  X  LE  :  LC 
LC"  =  (LH  +  HO)"  =  LH'  +  3  LH  X  nc  +  HC 
But,  by  eonstruotion, 
X.H»=HK'=HE=-EK'  =  HE'-E0°=(HE4-EC)(HE-EG)  =  1-IC(ITI5-EC). 

Also,  GC  =  2  HC  1  and  LE  =  LH  -[-  HE, 

Substituting  these  values  in  the  last  proportion,  it  becomes 

GDO:LMC:;  3,nc  (LH  +  HE):  HO  (HE  —  EC)  +  3  LH  X  H0  + HC>. 
::  2LH+2HE        :  HE  — EC  +  2  LH  +  HC. 

!  HE  —  EC  +  2  LH  +  HE  +  EC. 
:  3  HE  +  2  LH. 
The  last  two  terms  of  this  proportion  are  thua  proved  to  be  equab    Therefore,  tiie 
first  two  terms  are  nlso  equal ;  i.  e.,  LMO  ^  GDC  =  the  reqnired  content. 

Sinoa  HK  =  V  (HE"  —  EK'),  it  will  have  a  nfgative  as  weU  as  a  posiave  value. 
It  may  tiiecefore  be  set  off  in  the  contmry  direction  from  L,  i.  e.,  to  L'.  The  lioe 
drawn  from  L'  througb  P,  and  meeting  03  produced  bejoad  B,  will  part  off  an- 
tther  triangle  of  the  lequired  content. 

(520)  Suppose  the  lioe  LM  drawn.  Tlien,  by  Art.  (as).  Note,  the  required 
content,  c  =  j  •  CL  X  CSI .  sin.  LCM.  Tliia  ccnteut  will  also  equal  tlie  sum  of  tlie 
two  triangles  LOP  and  MOP  ;  i.  e.,  c  =  i  .  OL  X  p  +  ^  ■  CM  X  J.  The  first  ol 
these  equations  gives  CM  ^    l. - — fj^,-     Substituting  this  in  the  second  equa- 

Whence,  ip.CLK  sin.  LCM  +  cq  =  c.Ch.  sin.  LCM. 

Transposing  and  dividing  by  the  coefficient  of  CL",  we  get 


-.CL  =  - 


^U^ 


1.  CLM' 
CL=  " 


=F±/(? 


p.sin,LOM/' 

If  the  given  point  is  autsidi!  of  the  lines  CL  and  CM,  conceive  tlia  desired  line 
to  be  drawn  from  it,  and  anofber  line  to  join  the  given  point  to  the  corner  of  the 
field.  Then,  as  above,  get  expressions  for  the  two  triangles  thus  formed,  and  put 
their  sum  equal  to  the  expresEion  for  the  triangle  which  Comprehends  them  both, 
and  thence  deduce  the  desired  distance,  nearly  as  above. 

(532)  The  differenced,  between  the  areas  parted  off  by  the  guesa  line  AB,  and 
the  required  line  CD,  is  equal  to  the  difference  between  the  triangles  APO  and  BPD 
By  Art,  (65),  Note,  the  triangle  APC  =  J-AP'.5?iAlH^. 

Similarly  the  triangle  BPD  =  1  ■  BF'  ^'."'  "^ '  ^"'J*. 

.   J 1.  ,p]g'n.  A.sin.  P       .-np-,    sm.  B.  sin.  F 
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By  the  espression  for  sm.  {a  +  i)  [Trigoiiometiy,  Art,  (S)],  we  Imve 

''="'--a.A..:^i^i.p.,.A-'°'^-.i.....ri°4-tl......B' 

Dividing  eitcb  fraction  by  its  numerator,  and  remembering  that :=  cot.  a,  we 

~  cot.  P  +  cot.  A      cot.  P  +  cot.  B' 
Tor  coiiTemtucc,  Ictjj^cot.  J?;  n  =  -^ot.  A;  iirid  J  =  cot.  B.    Tlie  aboTE  equatlOB 


Oleai-ing  of  fractions,  we  liave 

2  dj,'  +  2  ,fo;,  +  2  rfSp  +  2  da  J  =  p  ,  AP'  +  i  ,  AP'  -  p  .  BP=  -  < 

<.EF. 

Transposing,  dividing  tlirough  'bj  2d,  and  separating  into  factors,  we  % 
,    /     ,   ,      AP"  — 15P\          J.AP'  — «.BP= 

;et 

.■.,=-.(.+.-=i?-W['-^'-f/-i---+>(.+»-'-i!^ 

£-=)■]■ 

If  A  =  90°  cot.  A  =  a  — 0;    and  tlie  expression  rcJuceB  to  the  s] 
given  in  tlie  artida. 

Implct  forta 

(5S3)  Coneeive  a  perpendicnlar,  BP,  to  be  let  fall  from  B  to  the  required  line 
DE.  Let  B  represent  tlie  angle  DBE,  and  0  the  nnknown  angls  DBF,  The  angle 
BDF  =  90"  —  j3;  and  the  angle  BEF  =  S0°  —  (B  —  ^)  =  90"  ~  B  +  0.    By  Art. 

(e5),  Kote,   the   area  of   the  triangle   DBE  =  J  Di?  ■   ^'°*  ^^^  "  ^"'  ^^°  — 


i  ■  DE= . 


Hence,    DE'  =  - 


n.  (BDE  +  BED)    ■ 
?)  sin.  (90°  -  E  +  0) 


5.(90°  — S). Bin.  (90°  — B  + (9)       oos.  0 . cob.  (B ~ (?) ' 

Now  in  order  that  DE  may  be  the  least  possible,  the  denominator  of  the  last 
fraefion  tnnst  be  the  greatest  possible.  It  may  be  transformed,  by  the  formula, 
COS.  n,  COS.  i  =  i  COS.  (a+t)4-i.co8.  (a  —  b)  [Trigonometry,  Ai-t.  (8)],  into 
i  eoa,  B  +  -J  .  COS.  (B  —  2  0).  Since  B  ia  constant,  tLe  value  of  tills  expression  de- 
pends on  ita  second  term,  and  that  will  be  the  greatest  possible  when  B  —  3  0^0, 
m  which  case  j3  =  }  B. 

It  benoe  appears  that  the  required  line  DE  is  perpendicniar  to  the  line,  BP, 
which  bisects  the  given  angle  B.    This  gives  the  direclion,  m  which  DE  ia  to  be  run, 

Its  starting  point,  D  or  E,  is  found  thus.  The  area  of  the  triangle 
DBE  =  i  BD .  BE .  sin.  B.    Since  the  triangle  is  isosceles,  this  becomes 

DBB  =  4  BD- .  .in.  B  ;  whence  ED  =  |/  (^|)- 

DE  is  obtained  fi'om  the  expression  for  DE',  which  becomas,  making  /Jsk-JB, 
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(524)  Let  o^=yalue  per  acre  of  one  portion  of  the  land,  nnd  b  that  of  the 
other  portion.    Let   a^the  iridth  required,  BO  or  AD.      Then  the  value  uf 

BCFE  =  aX  --^  ^'^,  and  the  vnke  of  ADPB  =  b  X  ^4;—. 

Putting  the  sum  of  these  equal  to  the  Talue  requh'ed  to  be  parted  off,  ive  obtain 

value  required  X  10 

'  ■"  aXBE  +  6XAE  ' 

(595)  All  the  conatruBtiotis  of  this  Brtiola  depend  on  tlie  equivalency  of  trian- 
gles which  have  equal  bases,  and  lie  between  pnrallela.  Tlie  length  of  AD  is  de- 
rived fwnn  the  area  of  a  triangle  being  aqual  to  its  baso  bj  half  its  altitude. 

(527)  Since  similar  triangle  ate  to  each  other  as  the  squares  of  their  homolo- 
gous  Bides, 

ID  of  Fig.  Saa  is  founded  on  the  proportion 
BF;BG::BG:BA;  when  BD  =  BG  =  V  (BA  X  BF)  =  BA  V— ^— . 

(528)  By  hypotliesie,  AEF  :  EFBC  ■.:m:n;  whence  AEF  ;  ABC  : ;  jn  :  »i  +  « 
andAEF  =  ABO— ■^--  =  — ■^-—  ■  — ^.      Also,  AEF  =  J  ■  AE  X  EF- 

The  similai-  triangles  AEF  and  ABD  give  AD  :  DB  : :  AE  :  EF  =  ~~^.    Tlie 

second  expression,  for  AEF  then  becomes  AEF  =  J  AE  ■  —v,-; — ■    Equating 
thie  -with  tlia  other  value  of  AEF,  we  have 
ACXDB        m  AE'XDB 

2        -5^+^  =  "sTad"  '  ^"^ 

(5S0)  In  Fig.  368,  the  triangles  ABD,  DBC,  having  tlie  same  altitude,  are  to 
each  other  as  their  bases. 

In  the  nest  par^raph,  we  have  ABD  ;  DBC  : :  AD  :  TlO  : :  m  :  n  ;  whence 
AD  :  AC  : ;  M  ;  m  +  n. ;  and  AC  ;  DC  :•.  m-^-n  :  n;  whence  the  esprassions  for 
AD  and  DC. 

In  Fig.  367,  lie  expression  for  AD  is  given  by  the  proportion  AD  :  AC:;m  ;  hi  -(-o. 
Similarly  for  DE,  and  EG. 

(531)  In  Fig,  368,  conceive  the  line  EB  to  be  drawn.  The  triangle 
AEB  =  i  ABC,  having  the  same  altjtude  and  half  the  base  ;  and  AFD  =  AEB, 
because  of  the  equivalency  of  the  triangles  EPD  and  EFB,  irhich,  -with  AEF,  make 
up  AFD  and  AEB. 

The  point  F  is  fixed  by  the  similar  triangles  ADB  and  AEF 

The  expresaion  for  AF,  in  the  laat  paragraph,  is  given  by  fie  proportion, 
ABC  :ADF;:  ABXAC;  ADxAF; 


/(iOXADX,.^). 


whence,  AF  = 


AB  X  AO    ADF_ABXA0 
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(533)  In  Fig.  Sll,  conoeipe  tlie  line  BL  to  ba  drawn,  The  triangla  AEL  will 
be  a  third  of  ABC,  liaviog  the  eatue  altitude  and,  one-third  the  base ;  and  AED  is 
equivalent  to  ABL,  becauee  ELB  =-  ELD,  and  AEL  is  common  to  both.  A  aimilar 
proof  applies  to  DC6. 

(534)  In  Fig.  SlS,  tbe  fom'  smaller  triangles  ai'e  mntuoUy  equiTalenf,  becanaa 
of  their  equal  bases  and  altitudes,  two  pairs  of  them  lying  between  pai'ollels. 

(5S5)  In  Pig.  373,  coaoeive  AE  to  be  di-awn.  The  triangle  AEO  =  J.AB0, 
liaving  the  same  altltnde  and  half  the  base ;  and  EDFC  =  AEC,  because  of  the 
lommon  part  FEO  and  tb9  equivalency  of  FED  and  FEA. 

(5Sfi)  In  Fig.  374,  in  addition  to  the  lines  need  in  the  problem,  draw  BF  and 
Dd.  The  tiiangle  BFC  =  ^  ABO,  having  the  same  altitude  and  half  the  base. 
Also,  tlie  triangle  DFG  =  DFB,  because  of  the  parallels  DF  and  BG.  Adding  DFO 
to  eaoh  of  these  triangles,  we  have  DCG  =  BFC  =  i  ABO.  We  hare  then  to 
prove  LMC^DCG.  This  ia  done  preciaelj  as  ia  the  demonstration  of  Art.  (519), 
page  40-i 

(SS7)  LetAE  =  i,  !»=!;/,  AH  =  i!',HF  =  i/',AK  =  o,  KB  =  *. 

The  quadrilateral  AFDE,  equivalent  to  J  ABC,  but  -wiiioh  we  will  represenlj 
generally,  by  ni',  is  mode  up  of  the  triangle  AFH  and  the  trapezoid  FIIED. 

.:  AmT^  =  m''  =  i.  x'i,'  +  H^-'^')(y  +  y')=i  ^.{y  +  y')-i  x'^. 
Tlie  eimikr  trlaiiglus,  AIIF  and  AKB,  give 

Substituting  this  value  of  j'  in  the  expression  for  in'',  we  have 

,  _  n(am'  — a.v)_AK(fABC  — AEXED) 
whence,  s;—     j^_^y      ~  KB  X  AE  — AK  X  ED' 

The  formula  is  general,  whatever  may  be  the  ratio  of  the  area  m^  to  that  of 
the  triangle  ABC. 

(535)  In  Fig.  876,  FD  is  a  line  of  division,  beeause  BF  =  the  ti'iangle  BDF 
divided  by  half  its  altitude,  which  gives  its  base.    So  for  the  ofher  tiiangles. 

(539)  In  Fig.  877,  DO  is  a  second  Ime  of  division,  because,  drawing  EL,  the 
ti'iangle  BLC  =  §  ABC ;  and  BDQC  is  equivalent  to  BLC,  because  of  Uio  common 
pai't  BOLD,  and  tlie  equivalency  of  the  triangles  DLG  and  DLB. 

To  prove  tliat  D!F  is  a  tiird  line  of  divisioa,  join  MD  and  MA.  Tlieo 
BlIA  =  i  EGA.  From  BMA  take  UFA  and  add  its  equivalent  MFD,  and  we  have 
MDFB  =  iBGA  =  4(ABDG  — BDG)r=i(§ABO  — EDQ)  =  iABC  — *BDG, 
To  MDFB  add  MDB,  nod  add  its  equivalent,  J^  BDG,  to  the  other  side  of  the  equa^ 
tion,  and  we  have 

MDFB  4-  MDB  =  i  AEC  —  i  BDG  +  i  BDG ;  or,  EDP  =  i  ABC. 

(54©)  In  Fig.  373,  the  triangle  AFC  =  ^  ABO,  having  the  same  base  and  one- 
tliird  tbe  altitude,  'fhe  triangles  AFB  and  BFO  are  equivalent  to  each  other, 
each  being  composed  of  two  triangles  of  equal  bases  and  altitudes ;  and  each  ii 
therefore  one-third  of  ABO. 


.(,+?)- 
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_  AB  X  BO  X  CA 
"       4 . ABC 


App.  B.]  For  Part  SI.  407 

In  Fig,  879,  AFC  :  ABO  : :  AD :  AB ;  sinoe  these  two  triangUa  htivo  the  OTrnmoa 
baseAC,  and  their  altitades  are  in  tlis  above  ratio.  So  too,  BFC  :  ABC  : :  BE  ;  BA 
Hence,  the  remuiniug  triaogla  AFB  :  ABC  : :  DE  :  AB. 

(542)  By  Art.  (65),  K"ote,  ABC  =  iAC  X  CB  X  sin.  ACB.  But  the  nngis 
ACB=ACD+DCB  =  i  (180^— ADC)+i  (180°-aDB)  =  lS0°-i  (ADC+CDB). 
Hence,  ABC  =  i  AC  X  CB  X  sia,  J  (ADC  +  CDB)  =  i  AC  X  CE  X  sin.  i  ADB. 

Let  »■  =  DA  =  DB  =  DC.  Siaca  AB  )a  the  diofd  of  ADB  to  the  radiua  r.  and 
therefore  equal  to  twice  tlie  sine  of  half  that  angie,  we  have 

,b.i.ADB  =  ^;  whenoa,  ABC  =  iACxOBx^;i 

Also,  since  the  area  of  eacli  of  the  three  smalj  triangles  equals  hnlf  the  product  of 
the  two  equal  sides  into  the  sine  of  tlie  included  angle  at  D,  tliese  triangles  will 
be  to  each  other  as  the  sines  of  those  angles.     These  angles  ai-a  found  thus : 

.m.!ADB  =  f?i.i..jmO  =  25.,.i..JABC  =  |5. 

(542)  The  formulas  in  this  article  are  obtained  by  substituting,  in  tliosa  of  Art- 
(523),  for  tiie  triangle  DBE,  ite  equivalent  — ^  X  J  AB  X  BC  X  sin.  B. 

BD  th^s  becomes  =  i/{-^  ■  ^12<I2^!H:^)  =  </(  _^xABXBc)  ; 
r     \m  +  n  sin,  i>         /        r     Vwi  -{-  ?i  / 

^/('—XABxBOXsin.iB)       an  b         //    m  \ 

(543)  The  rule  and  example  prove  themselves. 

(544)  In  Fig.  38S,  conceive  the  sides  AB  and  DC.  produoed,  to  meet  in  soma 
point  P.     Then,  by  r  -..-■,.-.        .— 
whence,  by  "division," 

In  like  manner,  comparing EFP  and  BCP,  we  get  EBCF  :BCP ; :  EPa^ECs ;  BC^' 
Combining  these  two  proportions,  we  have 

AECD:EBCF::  AD=  — BC':Er5  — BC; 
or,  m  +  n-m: :  AIW  — BC :  EF'  — EC 

Whence,  (to  +  «)EF"  — m.BC'~nBC'  =  m.AO'  — m.BC; 

Also,  from  the  similar  triangles  formed  by  drawing  BL  parallel  to  CD,  we  have 

AL,EK„BA:BE  =  2i.^=^(itr-5£>. 
AL  AD  — BC 

(.545)  Let  BEFC:=— ^  -  ABCD  =  n;  let  BC  =  i ;  BH  =  k;  and 
AD  — BD  =  e.  AlsoletEG  =  j;;flndEP  =  j<.  DrawBLparallelto  CD.  By  sim. 
ilar  triangles,  AL ;  EK  -. ;  EA  :  BE  : :  BH  :  BG ;  or,  AD-BO  :  EP-BC  ■ :  BH  -.EG ; 
,e.,.:j_i::A:.;  whence  :r  =  fcil 

Ai9o,theareaBEFC=a  =  J.BG(EF4-BC)  =  5i'(y4-J);  whence 2,  =  —-.S 
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Substituting  this  value  of  j  in  the  exprossion  for  x,  and  reducing,  wa  obtain 

,   e  i/i          %oh       ,                ,                    hh   .       1 12  ah  ,   b'le'\ 
e5-|-  ■ ■  s  ^  ■ — -;  whatioe  wa  bava  a  =;  —  ■ —  ±  i/  I 1 r— B. 

The  second  proportion  above  gives  y  —  b  ^~  ;  wlienee  J'^  i  +  7-  ■  i. 
Replacing  tha  syoilwls  by  their  lines,  we  get  the  formulas  iu  the  taxt. 

(546)  ABEF  =  i  ABCD.  But  ABRP  =  ABEF,  beeauae  of  the  oommon  part 
aBRF,  and  tJie  trianglea  FEP  and  FRE,  which  make  up  the  two  figures,  and 
which  Me  ei^uivalent  beoausB  of  tha  parollela  FK  and  PR     So  for  tlie  other  parts. 

(547)  The  trnth  of  the  footrnote  is  evident,  Binee  the  first  line  biaects  the  tra- 
pezoid,  and  any  other  line  drawn  thrciigh  its  middle,  and  meeting  the  parallel 
aides,  adda  one  triangle  to  each  half,  and  takes  away  an  equal  triangle ;  and  tiiua 
does  not  disturb  the  equiTalenoy. 

(54S)  In  Fig.  983,  since  EF  is  parallel  to  AD,  we  have  ADO :  EOF : :  OW :  GK". 
EGF   ia   made  up  of   the  triangle  BCG^n',  and  tha    quadrilateral  BEFC  ^ 

— -J- —  ■  ABCD  =:  ■ — -j- —  ■  («  — 11').     Hence  the  above  proportion  becomes 
^-■''  +  -^^{''-''')---G'S.'-GK'';  or, 
(m  +  n)a:ma  +  n<i'  ■.iGB.'-.GK';  wlienoe  GK  =  011 1//^^^"-). 

GE  13  given  by  the  proportion  GH  :  GK  : :  GA  :  GE  =  GA  ■  ~. 
In  Fig.  886,  the  division  into  p  parta  is  founded  on  the  Eanie  principle.    Tho 
triangle  EFG  =  GEO  +  EFCB  =  a'  +  — .    Now  ADG  :  EFG  : :  AG' :  EG' ; 


^^AW- 


or,        a'  +  Q,:a'+-::Aiy:'BQ';  whence  GE  =  AG  | 

GL  is  obtained  by  taking  the  triangle  LMG^  a' +  — ;  and  so  for  tha  rest 

(552)  In  Fig  S90,  join  FC  and  GO.  Because  of  the  pafallela  CA  and  BF,  tha 
triangle  PCD  will  be  equivalent  to  the  quadrilateral  ABCD,  of  which  GCD  will 
therefore  be  one  half-  and  because  of  the  parallels  GE  and  CH  EHDC  will  be 
equivalent  to  GCD 

(553)  In  Fig  391  by  drawing  oertiin  lues  the  qiad  dateral  tan  be  divided 
into  three  ejiivalent  parts  each  ccmpoied  cf  an  equivalent  tiaj  pzo  d  and  in 
equivalent  tiiangle  These  three  eijiivilent  paits  can  then  be  transformed  by 
means  of  the  parallels,  into  tho  three  eqnualeot  quadiilaterals  shown  lo  tha 
figure.     The  full  leveloi  ment  of  tl  e  pioof  is  left  ns  an  -seroiBe  f  r  the  student. 

In  Fig,  dBS, 'iraw  CG.  Then  CB6  =  i  AECD.  ButCIvQ  =  CGQ.  Theieforo 
CKQB  ==  i  ABCD.     So  for  the  other  division  line. 

(55fi)  The  division  of  the  base  of  the  equivalent  triangle,  divides  the  polygon 
similarly.  The  point  Q  results  from  the  equivalency  of  the  triangles  ZBP  and  ZBCi 
PQ  being  panilkl  to  BZ. 
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APPENDIX    C. 


INTKODUCTIOK  TO  LEVELLING, 

(1)  Tlie  Principles.  Leyeiumq  is  the  ait  of  finding  how  much  ous  point 
18  higher  or  lower  thtin  another ;  i.  e.,  how  much  one  of  the  points  is  above  or  below 
a  leTel  line  or  suvfnce  wdieh  pasaea  tlirongh  {lie  other  point. 

A.  level  or  lioHsontal  line  is  one  wliieh  is  perpendicular  to  the  direction  of  grsT- 
ity,  sa  indicated  by  a  plumb-line  or  sirailar  means.  It  is  therefore  parallel  to  the 
Burfaoe  of  standing  wBter. 

A  level  or  korimnial  S'lrface  is  defined  in  the  same  way.  It  wilt  be  datermiiied 
by  two  leTcl  lines  which  intersect  each  other.* 

Levelling  may  be  named  Ys&ncAL  SuavEimo,  or  Vp-amd-doum  Surveying  ;  fbe 
subject  of  the  preceding  pages  being  Soriiontol  Sumej/ing,  or  Hight-and-le/l  and 
Fore-aKdraft  Stime^ing. 

All  the  methods  of  Horizontal  Surveying  may  be  used  in  Vertical  Svirreying. 
The  one  wiiioh  will  he  briefly  alietched  here  corresponds  precisely  to  the  method 
of  "  Surveying  by  offsets,"  founded  on  the  Seeond  Method,  Art.  (6),  "  Reotaugalar 
O-ordinatea,"  and  fully  explfdned  in  Ai'ta.  (114),  &c 

The  operatioDB  of  levelling  by  this  method  consist,  firstly,  in  obtaining  a  level 
line  oi-  plane  ;  and,  secondly,  in  meaanring  how  far  below  it  or  above  it  (usually 
the  former)  are  the  two  points  whose  relative  heights  ai'e  required. 


(2)  The  lEBSti'nments.  Aleve! 
line  may  be  obtained  by  the  following  Z, 
Bimple  instrument,  allied  a  "  P/umb-line 
level."  Fasten  together  two  pieces  of 
wood  at  r^ht  angles  to  each  other,  so  as 
to  make  a  T,  and  draw  a  line  on  the  up- 
right one  so  aa  to  be  exactly  perpendicu- 
lar to  the  topddge  of  the  other.  Suspend 
a  plumb-line  as  in  the  fignre.  Fix  the  X 
against  a  staff  stuck  ia  the  ground,  by  a 
eorew  through  the  middle  of  the  orosa- 
piece.  Tarn  the  T  till  the  plumb-line 
exactly  covers  the  line  which  was  drawo. 
Then  will  the  uppei'  edge  of  the  oroas-pieee  he  a  level  line,  and  the  eye  can  i 
aciiJM  it,  and  note  how  fai-  above  or  below  any  other  point  this  level  line, 
longed,  would  strike.  It  will  be  easier  to  look  across  sights  fixed  on  each  ei 
the  cross-piece,  making  them  of  horsehair  atcetohed  aoroaa  a  piece  of  wire, 
into  three  aides  of  a  square,  and  stuck  into  each  end  of  the  oroSB-piece  ;  taking 
that  tiie  hairs  a™  at  exactly  equal  heights  above  the  upper  edge  of  the  evosa-pi 
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A  modificfltioQ  of  this  is  to  fnsten  a  common 
carpenter's  aq^uara  in  a  slit  in  tUe  top  of  a  staff, 
by  means  of  a  screw,  and  then  tie  a  pkimb-line 
at  tliQ  angle  so  that  it  may  hang  beside  ooe  arm. 
When  it  has  been  brought  to  do  eo,  by  turning 
the  square,  then  tiie  other  arm  will  ba  level. 

Another  simple  instrument  depenclB  upon  the 
urindpla  that  "water  always  finds  its  leyel," 
corresponding  to  the  second  part  of  our  defini- 
tion of  oleyelline.  If  a  tube  be  bent  Up  at  eflOh 
end,  and  nearly  filled  iritl]  water,  the  SUrlSce  Of 
the  water  in.  one  end  will  always  be  at  the  same 
height  as  that  in  the  other,  however  the  position 

of  the  tube  may  verj.  On  this  truth  dtpenda  the  "  Watfr-level."  It  may  ba 
eaaly  conettuctad  ■with  a  tube  of  tin,  lead,  copper,  Ac,  by  bending  up,  at  right 
angles,  an  inch  or  two  of  each  end,  _ 

and   supporting  the    tube,   if   t 
flexible,  on  a  wooden  bar.    la  tin 
eads   cemout  (with   putty 
dipped  in  white  1     !  A   )  th     [.  i 
als,  with  their  b  ttom    b    k  n    t£ 
EO  as  to  leave  a  1  mm         t 

between  then.    F 11  th     tub    a  i 
the  pliials,  nen  1    t    t!        ^  P  'w 

may  be  used  f  1  ring  t  0  k  th  months,  and  fit  the  i 
steady  but  flesibl  j  nt  t  at  pod.  F  n  aof  joints  are  given  i 
of  tripoda  on  pag    1  3 

To  uae  it,  set  t  n  th    d        d   p  t  pi       the  tube  by  eye  nearly  level,  remove 
the  corks,  and  th         lac       f  tl     w  t  he  two  phials  will  coma  to  the  aame 

level.  Stand  ahoat  a  yard  behmd  the  nearest  phial,  and  let  one  eye,  tlie  other 
being  closed,  glance  alocg  Uie  right-hand  side  of  one  phial  and  the  left-hand  eida 
of  the  other.  Baiae  or  lower  the  head  till  the  two  surfaces  seem  to  coincide,  and 
this  line  of  sight,  prolonged,  ■will  give  the  level  line  desired.  Sights  of  equal 
height,  floating  on  the  watei  and  lis'ng  al"ove  the  tops  of  the  phials,  would  give 
ft  better-defined  line. 

The  "Spiril-kvel"  consi'fa  easentnlly  Tig.  as, 

of  a  curved  glass  tube  neaily  filled  with 
alcohol,  but  with  a  bubble  of  a 
within,  whieli  always  seeks  the  highest 
spot  in  tlie  tube,  and  will  tharelore  by 
its  movements  indicate  any  chinge  in 

the  position  of  the  tube.    Whenever  the  bubble,  by  raising  or  lowering  0( 
has  been  bfOUght  to  stand  between  two  marks  on  the  tube,  or,  in  case  of  expan- 
won  or  eontraetion,  to  extend  an  equal  distance  on  either  side  of  them,  the  bottom 
of  the  bloak  (if  the  tube  be  m  one),  or  sighta  at  eaoh  end  of  th 
properly  adjusted,  will  be  on  the  eame  level, 
fixed  t«  the  top  of  a  staff  or  tripod. 

■When,  instead  of  tie  sights,  a  telescope  ia  made  parallel  to  the  level,  and 
ons  contiivancea  to  increase  its  delicacy  and  accuracy  are  added,  the 
becomes  the  Engineer's  apirit-leveL 
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(3)  Xlie  Practice.  By  whichevev  of  tlieae  vaviouB  r 
has  been  obtained,  tbe  eubeequent  operations  in  making  ii$e  o 
Since  tbe  "  water-level"  is  easilj  made  and  tolerably  accurate, " 
to  be  employed.  Let  A  and  B,  Pig. 
*19,  represent  the  two  points,  the 
difference  of  the  heights  of  which  is 
required.  Set  the  instrument  on 
any  spot  from  which  both  the  points 
can  be  seen,  and  at  euch  a  height 
that  the  level  line  will  pasa  above 
the  highest  one.  At  A  let  an  assist- 
ant hold  a  rod  graduated  into  feet, 
tenths,  ic.  Turn  the  instrument  to- 
wards tbe  staf^  sight  along  the  level 
line,  and  note  what  division  on  the 
staff  it  strikes.    Then  send  the  staff 

to  B,  direct  iha  instrument  to  il^  and  note  the  height  observed  at  that  poiat^  If 
the  level  line,  prolonged  by  the  ej'e,  passes  2  feet  above  A  and  S  feet  above  B.  the 
difference  of  their  heights  is  i  feet.  The  ahiolute  height  of  the  level  line  ita'lf  is 
a  matter  of  indifference.  The  rod  may  carry  a  target  or  plate  of  iron,  clasped  to 
it  SO  as  to  slide  up  and  down,  and  be  fixed,  at  will.  This  target  may  be  variously 
painted,  most  simply  with  its  upper  half  red  and  its  lower  lialf  white.  The  hori- 
zonlsl  line  dividing  tbe  colors  is  tlia  line  sighfed  to,  the  target  being  moved  up 
or  down  till  the  line  of  sight  strikes  it.  A  hole  in  the  middle  of  the  target  shows 
what  division  on  the  rod  coincides  with  the  horizontal  line,  when  it  has  been 
brought  to  the  right  height. 

If  the  he^ht  of  another  point,  C,  Fig.  420,  not  visible  from  the  first  station,  b& 
required,  set  the  instrument  so  as  to  see  B  and  C,  aiid  proeaed  exactly  as  with  A 
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aniJ  B,  If  C  bo  1  foot  below  B,  as  in  the  figure,  it  will  be  G  feet  below  A,  II  it 
were  fonnd  to  be  1  feet  above  B,  it  would  be  S  feet  above  A,  The  comparative 
height  of  a  series  of  any  number  of  points,  can  thus  be  found  in  reference  to  any 
one  of  them. 

The  beginner  in  the  praelaoe  of  levelling  may  advantageously  malte  in  his  note, 
booli  a  sketcJi  of  the  lieighta  noted,  and  of  the  distances,  putting  down  each  as  it 
is  observed,  and  imitating,  as  nearly  as  his  accuracy  of  eye  will  permit,  their  pro- 
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portiocal  dimenaiona.*  But  when  the  obaervntiona  are  numerous,  tliey  Ehoiild  be 
kept  in  a  tabular  fonu,  sncii  as  that  which  ia  givan  below.  The  anines  of  the 
points,  or  "  Stations,"  whose  helglita  are  demanded,  are  placed  in  the  first  column ; 
and  their  heights,  aa  finally  asiwrtained,  in  reference  to  the  first  point,  io  tlio  lost 
eolumn.  The  heights  above  the  startjiig  point  are  marked  -{-,  and  those  below  it 
are  nsarked  — i  The  back-sight  to  any  atalJoa  ia  placed  on  the  line  below  the 
point  to  which  it  refers.  When  a  bact-sight  exceeds  a  foro-aight,  their  difference 
is  placed  in  the  column  of  "Rise;"  when  it  ia  less,  Uieir  difference  ia  a  " Fall." 
The  following  table  represents  tho  aarne  observations  aa  the  last  figure,  aod  their 
sareful  cojnparisou  will  explain  any  obacurilJes  ia  either. 


Stations. 

Distances. 

Ewk-aigtta 

FMe-Sisl.13. 

Ei.. 

Fall. 

TolalHeighta 

A 

0.00 

E 

100 

3.00 

H.OO 

-  4.0C 

-4.00 

C 

60 

B.00 

4,00 

-l.Ot 

-6.00 

+  1.,, 

E 

10 

6.00 

+  5.0C 

+  1.00 

¥ 

60 

2.00 

6.00 

-4.00 

-"" 

15,00 

13.00 

-  3.00 

The  above  table  shows  that  B  is  4  feet  below  A  ;  that  C  is  5  feet  below  A ;  that 
E  ia  I  foot  above  A;  and  so  on.  To  test  the  calculations,  add  up  the  back-sights 
and  fore-sights.    The  differenee  of  the  sums  should  equal  the  last  "  total  height." 

Another  form  of  the  levelling  fieid-book  ia  presented  below.  It  refers  to  the 
same  stations  and  levels,  noted  in  the  previous  form,  and  shown  in  Pig.  420. 


a««on. 

Dh.«.c.. 

Bssfc-rfghto. 

HtlnBt,  above  Tlatnm. 

Fore-sigh  tH. 

Total]  lelghfs. 

A 

0.C0 

B 

100 

2,00 

+  2.00 

6.00 

-4,00 

c 

60 

S,00 

-1.00 

-6,00 

D 

40 

2,00 

-3,00 

1.00 

E 

'?0 

6,00 

+  2.00 

1.00 

+  1,00 

F 

50 

2,00 

+  3.00 

6,00 

-3.00 

15,00 

13,00 

-3,00 

In  the  above  form  it  will  bo  aeeu  that  a  new  column  is  introduced,  containiug 
the  Height  of  the  Instrument  (i.  e.,  of  its  line  of  sight),  not  above  the  ground 
where  it  stands,  but  above  the  Datum,  or  sUrtlng-point,  of  the  levels.  The  former 
colnmns  ot  "Kiae"  and  "Fall"  are  omitted.  The  above  notes  are  taken  thus: 
The  height  of  the  starting-point  or  "  Datum."  at  A,  is  0.00.  The  instrument  loeing 
set  up  and  levelled,  die  rod  is  held  at  A.  The  baok-aight  upon  it  is  3.00 ;  there- 
fore  the  height  of  the  instrument  ia  also  2,00.  Tlie  rod  is  nest  held  at  B.  Tho 
fore-sight  to  it  ia  6,00.  That  point  is  therefore  6,00  below  ttie  instrument,  or 
2.00  —  6,00  =  —  4.00  below  the  datum.  The  instrument  is  now  moved,  and  again 
set  up,  and  the  back-sight  to  B,  being  3,00,  the  lit,  Inst  is  —4.00  +  8.00  =  — 1,00 
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and  so  on:  the  Ht,  Inst,  being  always  obtsuned  bj  adding  the  back-sight  to  lhi> 
height  of  the  peg  on  whici  the  rod  ia  held,  and  the  height  of  tiie  nest  peg  beinn 
obtained  by  subtracting  the  fore-sight  to  tlie  rod  held  on  that  peg,  from  the  Ht,  Insl^ 


The  level  lines  givea  by  tbeae  instruments  are  all  lines  of  apparent  level,  and 
not  of  (rue  level,  which  ^ould  enrve  with  tha  surface  of  the  earth.  These  level 
lines  strike  too  high ;  but  the  difference  is  very  small  in  sights  of  ordinary  length, 
Iteing  only  one-eighth  of  an  inch  for  a  sight  of  one-eighth  of  a  mile,  and  diminishing 
as  the  square  of  the  dlatanoe ;  and  it  may  be  completely  compensated  by  sotting 
the  instrument  midway  between  tha  points  whose  difference  of  level  is  desired;  a 
precaution  which  should  always  be  taken,  when  possible. 

It  may  be  required  to  show  on  paper  tie  ups  and  downs  of  the  line  which  has 
been  levelled ;  and  to  represent,  to  any  desired  scale,  the  heights  and  distances  of 
the  varions  points  of  a  Una,  its  ascents  and  descents,  as  seen  in  a  side-view.  This 
is  cidled  a  "  Profile."  It  is  made  thus.  Any  point  on  the  paper  being  assumed 
for  tlie  first  station,  a  horizontal  line  is  drawn  through  it ;  the  distance  to  the  next 
station  is  measured  along  it,  to  the  required  scale  ;  at  the  termination  of  this  dis- 
tance a  vertical  line  is  drawn;  and  the  given  height  of  the  second  station  above  or 
below  the  first  ia  set  off  on  this  vertical  line.  The  point  thus  fised  determines 
the  second  atatioD,  and  a  line  joiniog  it  to  the  fli'st  station  represents  the  elope  of 
the  gromid  between  the  two.    The  process  is  repeated  for  the  next  station,  ia. 

But  the  rises  and  falls  of  a  line  are  always  very  small  in  proportion  to  the  dis 
tances  passed  over  ;  even  mountains  being  merely  as  the  roughnesses  of  the  rind 
of  an  orange.  If  the  distances  and  the  heights  were  represented  on  a  profile  to  the 
same  scale,  the  latter  would  be  hardly  visible.  To  make  them  more  apparent  it 
is  usual  to  "exaggerate  the  vertical  scale"  ten-fold,  or  mope ;  i.  e.,  to  make  the 
representation  of  a  foot  of  height  ten  times  as  great  as  that  of  a  foot  of  length,  as 
in  Fig.  430,  in  which  one  inch  represents  one  hundred  feet  for  the  distances,  and 
ten  feat  for  the  heights. 

The  preceding  Introduction  to  Levelling  has  been  made  as  brief  as  possible ;  but 
hy  any  of  the  ^mple  instruments  described  in  it,  and  either  of  its  tabular  forms,  any 
person  can  determine  with  sufScicnt  precision  whether  a  distant  spring  is  higher  or 
lower  than  his  house,  and  how  much  ;  as  well  as  how  deep  it  would  be  necessary 
to  cut  into  any  Intervening  hill  to  bring  the  water.  He  may  in  like  manner  ascer- 
tain whether  a  swamp  can  be  drained  mio  a  neighboring  brook ;  and  can  cut  the 
necessary  ditches  at  any  given  slope  of  so  many  inches  to  the  rod,  ilc,  having  thus 
found  a  level  line  ;  or  be  can  obtain  any  other  desired  information  which  dependi' 
on  the  relative  heights  of  two  points. 

To  expMn  the  peculiarities  of  the  more  elaborate  levelling  insti'uments,  the 
precautions  neoessary  in  their  use,  the  prevention  and  correction  of  errors,  the 
overcoming  of  difBculties,  and  the  various  complicated  details  of  their  applications, 
would  require  a  great  number  of  pages.  This  Will  therefore  be  reserved  for  an. 
other  volume,  as  announced  in  the  Preface, 
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[ADVEETISBMBNT.l 

L.   B.    GURLEY, 

TROY,  New  York. 


rPEXCE     LIS 


ISGT'- 


la  common  wilt  all  other  mamifaoturera,  we  h^ve  been  oompcUcd  by  the  great 
advance  in  the  coat  of  labor,  the  war  tax,  and  the  materials  used,  to  increase  our  old 
eaiabliahed  prices  for  InatnimeiUs,  &c 

We  believe,  however,  that  in  most  oaaea  they  are  still  far  below  those  of  other 
makers  of  established  reputation. 


Plain 


witli  Jae 


.  npa  4 


nocdo 


Vernier, 

■■ 

53  01 

Bailroad, 

1  TLtri-, 

8d     0 

Compass  tripod,  with  cherry  leg 

¥  8  fl 

1! 

"    leveUmg     rew   and  e  c  np  and  t        n          e 
"                               wiUiout 

n  ts  18  0) 
If.  OJ 

monnljnts  without  l^s 

7  00 

Compound  tange 

nt  ball. . 

7  CO 

Brass  cover  for  compass  glass 

1  76 

Outkeepar,  for  keeping  ta  Ij 

1  75 

1  ■  IlllHllH 

Vernier,  plain  telescope,"  6      ch  n  -edle  w  th  compasH  tr  pod 

8  80  DO 

Surveyoi's' 

1         0 

<. 

( 

1  5  00 

En^neers' 

■" 

ISO  00 
16B  UO 

2  0  00 

6  00 

" 

■■                1 

B  \n  iM  la  TtrnuftH 

Vertical  circle,  8i  inch  diameter  v  m   r  read  ng  to  Ave  m  nutes 

$  <)  00 

single 

Clamp  and  tangent  movement  to  at  a  of  telescope 
Level  on  telescope,  with  gro  nd  bubble  and  scale 
Back  and  pinion  movement  to  eye-glass 
Sights  on  telescope,  with  fold  ng  ju  nts 
Sights  on  standards  at  right  ang  ea  to  te  e    ope 

^olar  Compasses 
Solar  compass,  with  adjusting  sockets  and      pod 
Solar  telescope  compass,  with  ai^usting  socket  and  t  pod 
Micrometer  telescope,  Ifl  to  ''0     ches  long  w  th  ra  k  mOTemei 
glass,  and  with  movable  chps  to  atta  b  the  e  ghts  to  No  1 
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LeTclllii, 

Ststesn  inch  telescope,  with  a^jus 

Eighteen  " 

Twenty  '* 

Tnenty-two       " 

Bdldevs'  level,  wifh  adjnstjng  trip 


100  feet,  with  oval  rings,  No.  S  refined  ii 


BO  feet,    " 

B      " 

60  feet,    " 

6      " 

66  feet;    « 

SSfeet,     " 

6  a  feet,     " 

10      " 

83  feet,     " 

10       " 

100  ftet,     " 

"               8  beat  steel 

100  feet,     " 

10      " 

60  feet,     " 

8      " 

66  feet,     " 

8      " 

10      " 

33  feet,    " 

lUarlang:  IPins. 

Set  of  n  piii3,  iron  wire,  No.  4 SI  SO 

"  "       steel  wito,  Ko.  6 .,  3  00 

"  "      brass  wire,  No,  4 3  00 

Ignpoi^ed  JHeasurlng  Xapes. 

Chestomnn's  steel,  33  feet $10  BO 


100  feel 

Pocket   Compasses. 

With  folding  sights,  2^  inch  needle,  very  serviceable  for  tracing 

With  folding  s^hla,  2J  inch  needle,  with  Jacob  Staff  mounUnga. , . 
U        "  ■' 

without        "  , . , 


Without  sights,  I  to  2  inch  needle 

Miners'  compass,  or  Dipping  needle,  for  i 
article,  glass  on  both  sides , 


II  00 

fromSSceulato  5  00 
!w  and  beautiful 
10  00 
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INFOEMATION  TO  PUKCHASERS. 


MiMCAL. — To  those  who  may  "wish  to  puroliflse  any  of  the  Inatniments  mentioiie) 
in  the  pvevious  pages  of  this  Adveptiaement,  wa  ivill  send  our  Manual — a  Booh  o', 
li6  pagea,  containing  a  tuil  description  of  the  same,  with  the  aajuBtmonts,  &a.,  fret 
of  charge,  (postage  includeii,)  on  applieation  to  ua  at  Troy,  N.  Y. 

iKBinuMKKTS  Wakted. — !□  regard  to  tie  best  kind  of  Instruments  for  partioulal' 
purpoaes,  we  would  hare  say,  that  where  only  common  Eurreying,  or  tlie  bearing  of 
Hues  in  the  snrveys  for  County  Maps  is  required,  a  Plain  Compaes  is  all  tiiat  is  ueoea- 
Bftry.  In  cases  where  the  variation  of  the  needle  is  to  be  allowed,  as  in  retracing 
the  lines  of  an  old  aui-vey,  Ac,  the  Vernier  Compass,  or  tlie  Vernier  Transit,  is 
required, 

Where,  in  addition  to  the  variation  of  the  needJe,  horizontal  angles  are  to  be 
taken,  and  in  oases  of  local  attractjon,  the  Rail  Ro'ad  Compaaa  is  preferable  ;  and 
for  a  mixed  practice  of  Surveying  and  Engineering,  we  consider  the  Surveyor's 
Tl'ansit  Buporior  to  any  instrument  made  by  us  or  any  other  manufacturers. 

In  the  surreys  of  U.  S,  public  lands,  the  county  and  township  lines  are  required 
to  be  run  by  such  inatraments  as  the  Solar  Conipaas. 

Where  Engineering  is  the  exclusive  design,  the  Engineers'  Transit  and  the  Level- 
ing Inatrumenta  are  of  courss  indispensable. 

"Wabrakty. — All  our  instruments  are  examined  and  tested  by  us  in  person,  aad 
are  sent  to  the  purobaaer  adjusted  and  ready  for  immediate  use. 

They  are  warranted  correct  in  all  their  parts — we  agreeing  in  the  event  of  any 
defect  appearing  after  reasonable  use,  to  repair,  or  replace  with  a  new  and  perfect 
instiTiment,  promptly  and  at  our  own  cost,  express  charges  included,  or  we  will  refund 
the  money,  and  the  express  chai^ea  paid  by  the  purchaser. 

Inatancea  may  sometimes  occur,  in  a  business  as  large  and  widely  extended  aa 
ours,  where,  owing  to  oareleaa  transportation,  or  to  defects  escaping  the  closest  scru- 
tiny of  tlie  maker,  instruments  may  reach  our  customers  iu  bad  condition.  We  con- 
sider the  retention  of  such  insti-umente  in  all  eases  an  injury  very  mneh  greater  U> 
us  than  to  the  purchaser  himself. 

Tbial  of  Ibstkuments. — It  may  often  happen  that  this  statement  of  tlie  priooa  and 
quality  of  our  insej-umenta,may  come  into  the  hands  of  those  who  are  entirely  iinac- 
quainted  with  tis.  or  with  the  quality  of  our  worlt,  and  who  therefore  feel  unwilling 
to  make  a  final  purchase  of  an  article,  of  the  escollenoe  of  which  they  are  not  per- 
fectly assured. 

To  such  WB  make  the  following  proposition  :  Wo  will  send  the  instrument  to  th*. 
express  station  nearest  the  person  giving  the  order,  and  direct  the  Espresa  Agent 
on  delivery  of  tlie  same,  to  collect  our  bill,  together  with  charges  of  trazisportation. 
and  hold  the  money  on  deposit  until  the  purchaser  shall  have  had — say  two  week. 
actual  trial  of  ifs  quality. 

If  not  found  as  represented  he  may  return  the  Instrument  before  the  expiration 
of  that  time,  and  receive  the  money  paid,  in  full,  including  express  charges,  and 
direct  the  Instrument  to  be  ratumod  to  us. 
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428  INFORMATION  TO  PUSCHASEBS. 

Low  PaiOES  OF  OUR  iNSTRUUBMra. — It  ia  often  urged  by  other  makers,  and  per 
eons  prejudiced  in  their  favor,  that  it  is  impossible  to  malie  first  rate  instruments,  at 
the  prices  charged  by  ils,  and  which  are  so  very  far  below  those  of  other  skillful 
manufacturers. 

We  have  only  to  reply,  in  addilion  to  what  we  have  stated  in  our  Wari^anty, 
that  a  visit  tu  our  works,  and  a  oomparisori  of  our  facilities,  with  tboae  of  our  com- 
petitors, would  dispel  all  questions  as  to  our  ability  to  surpass  them,  not  only  in 
the  cheapness,  but  also  in  the  suparior  quality  of  our  work. 

PiCKtNa,  ijto. — Each  iuBtrumeiit  is  packed  in  a  well  finished  mahpgany  case, 
furaished  with  look  and  key  and  brass  hooks,  the  larger  ones  having  besides  these, 
a  leather  strap  for  convenience  in  carrying.  Each  case  is  provided  with  screw 
drivers,  adjuating  pin,  and  wrench  for  oeotre-pin,  and,  if  aecompanied  by  h  tripod, 
with  a  brass  plumb-bob ;  with  all  instrumenlis  for  taking  angles,  without  the  needle, 
a  reading  microscope  is  also  furnished. 

Unless  the  purchaser  is  aJready  supplied,  eaeh  inatruraent  is  accompanied  by  our 
"  Manual,"  giving  full  instruotions  for  such  adjUHtments  and  repairs  as  are  poswble  to 
one  not  provided  with  the  ordinary  facilities  of  an  instrument  maker. 

When  sent  to  the  purchaser,  the  mahogany  coses  are  carefully  enelosed  in  ontside 
paeking  boxes,  of  pine,  made  a  little  larger  on  all  sides  to  allow  the  introduction  oi 
elastio  mateiial,  and  so  effectually  are  our  instruments  protected  by  these  precautions 
that  of  several  thousand  sent  out  by  us  during  tlie  last  thirteen  years,  iu  all  seasons, 
by  every  mode  of  transportation,  and  to  all  parts  of  the  Union  and  the  Canadas,  not 
more  than  three  or  four  have  sustained  serious  injury. 

Meaks  of  Tkabsfoktation. — Inatrumentfl  can  bo  sent  by  Express  to  almost  every 
town  in  the  United  States  and  Canadas,  regular  agents  being  located  at  all  the  more 
important  points,  by  whom  they  are  forwarded  to  smaller  places  by  stage.  The 
charges  of  transportation  from  Troy  to  the  purchaser  are  in  all  oases  to  be  borne  by 
him,  we  guarranteeing  the  safe  arrival  of  our  instruments  to  the  entent  of  Express 
transportation,  and  holding  the  Espruss  Companies  responsible  to  us  for  all  lo.«aea  or 
damages  on  the  way. 

Terhs  or  Pavukht  are  uniformly  cash,  and  we  have  but  one  price.  Our  prices 
for  inBtruments  are  nearly  one-third  less  than  those  of  other  makers  of  established 
reputation.  They  are  as  low  as  we  think  instruments  of  equal  quality  can  he  made, 
and  will  not  be  varied  from  the  list  given  on  the  previous  pages. 

Eemittancea  may  be  made  by  a  draft,  payable  to  our  order  at  Tj'oy,  Albany.  New 
Yorfc,  Boston  or  Philadelphia,  which  can  be  procm'ed  from  Bants  or  Bankets  in 
almost  all  of  the  larger  Tillages, 

These  may  be  sent  by  mail  with  the  order  for  the  instrument,  and  if  lost  or  stolen 
on  the  route,  can  be  replaced  by  a  duplicate  draft,  obtained  as  before,  and  ■without 
additional  cost. 

Or  the  customer  may  pay  the  bill  on  receiptof  the  instrument  to  the  express  agent 
"taking  care  to  send  funds  bankable  in  New  York  or  Boston,  The  cost  of  returning 
bills  collected  by  express  of  amounts  under  $15,00  will  be  charged  to  the  oustomer. 

W.  &  L.  E.  GURLEY, 
Mathematical  Instrument  Makera 
Fblton-si,,  oPEOsrrB  Kobth  End  of  Ukios  R.  E.  Depot,  Trov,  N.  Y, 
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